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A B STR A C T
A s y n th e t ic  h y d r o g e n - m o r d e n i t e  c a t a l y s t ,  w i th  o r  w i th o u t  
a  d i s p e r s e d  noble  m e t a l ,  w a s  found to  have  the s a m e  u n u s u a l ly  
h igh  hexane  h y d r o i s o m e r i z a t i o n  a c t iv i ty .  Th is  un ique  c r y s t a l ­
l ine  z e o l i t e ,  w i thou t  m e t a l ,  w a s  in v e s t ig a t e d  by u s in g  the five  
i s o m e r i c  h e x a n e s .  The c a t a l y s t  u s e d  in th is  w o r k  w a s  a  1-5 
m i c r o n  c r y s t a l - s i z e  m o r d e n i t e  w h ich  w a s  p i l l e d  and  th e n  c r u s h e d  
to a  0. 3 -1 .  4 m m  p a r t i c l e  d i a m e t e r  r a n g e .  T y p i c a l  hex an e  h y d r o ­
i s o m e r i z a t i o n  cond i t ions  w e r e  5 0 0 ° F ,  450 p s ig ,  10/1  m o le  r a t i o  
of h y d r o g e n / h e x a n e ,  and a  l iqu id  h o u r ly  s p a c e  v e lo c i ty  of 2  g r a m s /  
h r  p e r  g r a m  of c a t a l y s t .
F o r  o r i e n t a t i o n ,  o t h e r  p a r a f f i n s  b e s id e  h e x a n e s  w e r e  
t e s t e d .  I t w as  found th a t  fo r  n - p e n t a n e  h y d r o i s o m e r i z a t i o n  the 
n o n - m e t a l  h y d r o g e n - m o r d e n i t e  w a s  m o r e  a c t i v e  than  the  m e t a l  • 
c o n ta in in g  h y d r o g e n - m o r d e n i t e .  But  f o r  n - h e p t a n e  h y d r o i s o m e r i ­
z a t i o n  the n o n - m e t a l  h y d r o g e n - m o r d e n i t e  w a s  e s s e n t i a l l y  in a c t iv e  
w h i le  the  m e t a l  co n ta in ing  m o r d e n i t e  showed  e x c e l l e n t  h y d r o ­
i s o m e r i z a t i o n  and  h y d r o c r a c k i n g  a c t iv i ty .
By v a r y in g  c a t a l y s t  p a r t i c l e  s i z e  in the h ex an e  s tu d i e s ,
d i f fu s ion  in  the m a c r o p o r e s  w a s  found no t  to be  r a t e - l i m i t i n g  a t
s t a n d a r d  r u n  c ond i t ions  w h e r e  the h y d r o g e n / h e x a n e  m o le  r a t i o  w a s  1 0 .
x i i
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H o w ev e r ,  w hen  the  h y d r o g e n / h e x a n e  m o le  r a t i o  w a s  d e c r e a s e d  
f r o m  10 to 3, d i f fu s ion  in  the  m a c r o p o r e s  b e c a m e  s i z e a b l e .  
M i c r o p o r e  d i f fus ion  w i th in  the m o r d e n i t e  c r y s t ^ w a s  h o t  s tud ied  
s in c e  c r y s t a l s  of d i f f e r e n t  s i z e  r a n g e s  w e r e  n o t  a v a i l a b l e .
The  e f f e c t  of t e m p e r a t u r e  w a s  s tu d ie d ,  an d  the a c t i v a t i o n  
e n e r g y  f o r  n - h e x a n e  h y d r o i s o m e r i z a t i o n  w a s  c a l c u l a t e d  a s  24. 4 
K c a l / g m - m o l e ,  w h ic h  a g r e e s  qu i te  f a v o r a b l y  w i th  o th e r  r e p o r t e d  
v a lu e s .
The  d a ta  f r o m  th i s  w o r k  w e r e  c o r r e l a t e d  by  u s in g  a  s i m ­
p l i f i ed  m o d e l  w h ic h  a s s u m e d  th a t  the  r e a c t i o n  m e c h a n i s m  could  
be  d e s c r i b e d  a s  a  f i r s t  o r d e r ,  r e v e r s i b l e  r e a c t i o n  b e tw e e n  n -  
hex an e  and  a  m i x t u r e  of i t s  i s o m e r s .  The  e f f e c t  of p r e s s u r e  w as  
c o m p a t ib l e  w i th  a  " d u a l - s i t e "  c a t a l y t i c  m e c h a n i s m  fo r  w h ic h  the 
d y n a m ic  a d s o r p t i o n  c o n s t a n t s  f o r  the  v a r i o u s  c o m p o n e n t s  w e r e  
e s s e n t i a l l y  e q u iv a len t .
H y d r o i s o m e r i z a t i o n  da ta  f r o m  e a c h  of the  five  h e x a n e s  
w e r e  a d e q u a te ly  c o r r e l a t e d  by the fo l lowing  m o d e l .
n - h e x a n e  2, 2 -D M B
n n
( 3 - M P  + 2 - M P  + 2, 3 -D M B)
T h i s  m o d e l  d i f f e r s  f r o m  o t h e r  m o d e l s ,  w h ic h  w e r e  d e v e lo p e d  by
p r e v i o u s  i n v e s t i g a t o r s  f o r  d i f f e r e n t  c a t a l y s t  s y s t e m s ,  m a i n l y  due
to the  p r e s e n c e  of the  n - h e x a n e  2, 2 -D M B  r e a c t i o n  path .
x i i i
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C H A P T E R  I 
INTRO D U CTIO N
The q u e s t  f o r  h i g h e r  oc tan e  g a so l in e  h a s  l e d  to a  c o n s i d ­
e r a b l e  a m o u n t  of r e s e a r c h  e f f o r t  in the a r e a  of p a r a f f i n  i s o m e r ­
iza t ion .  T h i s  r e s e a r c h  e f f o r t  w a s  in i t i a l l y  d i r e c t e d  to w a r d s  
the  i s o m e r i z a t i o n  of n - b u t a n e ,  and  l a t e r  inc luded  the i s o m e r ­
i z a t i o n  of n -p e n ta n e  and  n - h e x a n e .  T h r o u g h  th i s  e f f o r t  a n  
i s o m e r i z a t i o n  p r o c e s s  w a s  d e v e lo p e d  w h ic h  g a in ed  wide  c o m ­
m e r c i a l  u se  d u r in g  the  S eco n d  World  War,  p a r t i c u l a r l y  f o r  the 
i s o m e r i z a t i o n  of n - b u ta n e .
T h i s  p r o c e s s  u s e d  a n  a c id  ha l id e  ( a l u m i n u m  c h lo r id e  
p lu s  h y d r o g e n  c h lo r id e )  type of c a t a l y s t ,  e i t h e r  on a  so l id  
s u p p o r t  (e. g. , r e f i n e d  bau x i te ) ,  o r  a s  a n  a l u m i n u m  c h l o r i d e - 
h y d r o c a r b o n  co m p le x .  E x t e n s i v e  r e s e a r c h ,  b o th  i n d u s t r i a l  
and  a c a d e m i c ,  w a s  c a r r i e d  out in  a n  a t t e m p t  to im p r o v e  t h e s e  
. c a t a l y s t  s y s t e m s .  The  r e s u l t  w a s  a  m u c h  i m p r o v e d  u n d e r ­
s t an d in g  of the  m e c h a n i s m  of the  p a r a f f i n  i s o m e r i z a t i o n  r e a c t i o n  
and  a l s o  a  b r o a d e n e d  v iew  of the  g e n e r a l  f i e ld  of h e t e r o g e n e o u s  
c a t a l y s i s .
A m ong the  l a t e r  c a t a l y s t  d e v e lo p m e n t s  in the  n in e t e e n  
f i f t i e s  is  the " d u a l - f u n c t io n "  c a t a l y s t  w h ic h  c o n s i s t s  of a
1
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h y d r o g e n a t i o n - d e h y d r o g e n a t i o n  c o m p o n e n t  ( d i s p e r s e d  m e ta l )  on 
a  so l id  s u p p o r t  hav ing  i s o m e r i z a t i o n  p r o p e r t i e s  (e. g. , s i l i c a - 
a l u m i n a  c r a c k i n g  c a t a l y s t )  and  w i th o u t  ad d ed  A lC l^  o r  o th e r  
h a lo g e n  c o m p o u n d s .  B e c a u s e  th i s  new c a t a l y s t  d i f f e r e d  so 
g r e a t l y  f r o m  the  a c id  h a l id e  type  of c a t a l y s t ,  a d d i t io n a l  r e s e a r c h  
w a s  n e e d e d  to u n d e r s t a n d  the new m e c h a n i s m .  T h u s ,  a n  i s o m ­
e r i z a t i o n  m e c h a n i s m  w a s  d e v e lo p e d ,  b a s e d  on the  c a r b o n i u m  
ion th e o r y ,  w h ic h  c o n s i s t s  of t h r e e  m a j o r  s t e p s ;  d e h y d r o g e n a ­
tion  of the  n o r m a l  p a r a f f in ,  i s o m e r i z a t i o n  of the  n o r m a l  o le f in ,  
and  th e n  h y d r o g e n a t i o n  of the  i s o - o l e f i n  to the  i s o - p a r a f f i n .
In the n i n e t e e n  s i x t i e s ,  z e o l i t e s  b e c a m e  i m p o r t a n t  a s  
c a t a l y s t s .  T h e s e  c r y s t a l l i n e  a l u m i n o s i l i c a t e s  have  b e e n  u s e d  
a s  a  r e p l a c e m e n t  f o r  the  a m o r p h o u s  s i l i c a - a l u m i n a  in the  d u a l ­
fu n c t io n  c a t a ly s t .
Th is  d i s s e r t a t i o n  r e p r e s e n t s  j u s t  a  s m a l l  p a r t  of the 
e x t e n s i v e  r e s e a r c h  th a t  is  now be in g  c a r r i e d  out on th i s  l a t e s t  
type  of i s o m e r i z a t i o n  c a t a l y s t .  S p e c i f i c a l ly ,  th i s  d i s s e r t a t i o n  
i s  a  s tudy  of one p a r t i c u l a r  c r y s t a l l i n e  a l u m i n o s i l i c a t e ,  m o r d e n i t e ,  
w i th o u t  any  d i s p e r s e d  m e t a l ,  w i th  r e s p e c t  to how it  i s o m e r i z e s  
the  h e x a n e s .  Hopefu l ly  th i s  w o r k  w i l l  c o n t r ib u t e  to o u r  b a s i c  
u n d e r s t a n d i n g  of h e t e r o g e n e o u s  c a t a l y s i s  and ,  in p a r t i c u l a r ,  to 
the  m e c h a n i s m  of p a r a f f i n  i s o m e r i z a t i o n .
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C H A P T E R  II 
L I T E R A T U R E  REVIEW
A. Hexane  I s o m e r i z a t i o n
1. I n t r o d u c t io n
C o m m e r c i a l  i n t e r e s t  in i s o m e r i z a t i o n  p r o c e s s e s  d eve loped  
d u r in g  the S econd  World  War  in o r d e r  to a id  in  the p r o d u c t io n  of 
a v i a t i o n  g a so l in e .  P a r a f f i n  i s o m e r i z a t i o n  p r o c e s s e s  w e r e  u sed  
p r i m a r i l y  to m a n u f a c t u r e  i so b u ta n e  f r o m  n o r m a l  bu tan e  fo r  s u b s e ­
q u e n t  u se  in a lk y la t io n .  A few p en tan e  and hexane  u n i t s  w e r e  a l s o  
o p e r a t e d  to p r o d u c e  i s o p e n ta n e  and  i s o h e x a n e s  fo r  a v i a t i o n  g a s o ­
l ine .
The i n t e r e s t  in i s o m e r i z a t i o n  p r o c e s s e s  s u b s id e d  a f t e r  
the  w a r  bu t  w a s  r e v i v e d  in the n i n e t e e n  f i f t i e s  by  a  t r e m e n d o u s  
i n c r e a s e  in the n e e d  f o r  h igh  oc tane  g a so l in e .  The i m p o r t a n c e  of 
i s o m e r i z a t i o n  p r o c e s s e s  fo r  supp ly ing  h igh  o c tan e  g a so l in e  can  be 
s e e n  in Tab le  1 (page 4 ). In the  e a r l y  n in e t e e n  s ix t i e s  the 
h igh  oc tane  r e q u i r e m e n t s  l e v e l e d  off j u s t  s h o r t  of a n  oc tane  le v e l  
w h ic h  would  have  r e q u i r e d  fu ll  s c a l e  c o m m e r c i a l i z a t i o n  of 
i s o m e r i z a t i o n  p r o c e s s e s .  The c o m m e r i c a l  n e e d  w ould  de f in i te ly  
e x i s t  if oc tane  r e q u i r e m e n t s  r o s e  o r  if the  l e ad  co n ten t  of g a s o ­
l ine  w a s  r e d u c e d .
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{19)T a b le  1 . Oc tane  N u m b e r s  of P e n t a n e s  and  H e x a n e s
Octane N u m b e r s
R e s e a r c h  ( F -1 ) M o to r  ( F -2)
C o m p o n en t C le a r + 3 m l  T E L C l e a r + 3 m l  T E L
1 - C 3 92. 6 103. 5 90. 3 106. 9
n -C_ b 61 .7 84. 7 61. 3 83. 6
c y c lo - C g 101. 3 1 1 1 . 1 85. 0 95. 2
2, 2 -D M B 92. 3 103. 4 9 2 . 9 114. 6
2, 3 -D M B 103. 5 1 1 2 . 0 94. 3 109. 7
2 - M P 73. 4 9 2 . 2 72. 9 92. 4
3 - M P 74. 5 92. 3 74. 0 9 2 . 6
n - C b 34. 0 65. 3 25. 0 63. 5
M C P 95. 0 104. 3 80. 0 91. 1
c y c l o - C ^ 83. 0 9 7 . 4 77. 2 87. 3
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2. Hexane I s o m e r s
a.  G e n e r a l
T h e r e  a r e  a  to t a l  of f ive  hex an e  i s o m e r s , a n d  a l l  f ive of 
t h e m  a r e  n o r m a l l y  found in n a t u r e .  T h e s e  p a r a f f i n s  a r e  n - h e x a n e  
(n -C ^) ,  3 - m e t h y l p e n t a n e  (3 - M P ) ,  2 - m e th y lp e n ta n e  (2 - M P ) ,  2 , 3 -  
d im e th y Ib u ta n e  (2, 3 -D M B) and  2, 2 -d im e th y lb u t a n e  (2, 2-DMB).  
T h e i r  bo i l ing  po in t s  f a l l  in  a  r e l a t i v e l y  n a r r o w  r a n g e  of 3 4 ° F  an d  
th e i r  in d iv idua l  bo i l ing  po in t s  a r e ,  r e s p e c t i v e l y ,  15 6 °F ,  146°F ,  
140°F ,  1 37°F  an d  122°F.
b. E q u i l i b r i u m
The e q u i l i b r i u m  a m o n g  the five h ex an e  i s o m e r s  is  a  v e r y
c r i t i c a l  f a c t o r  in a h e x an e  i s o m e r i z a t i o n  p r o c e s s .  T h i s  is
b e c a u s e  the  e q u i l i b r i a  a r e  v e r y  d e p e n d e n t  on t e m p e r a t u r e .  T h i s
f a c t  i s  shown f o r  e a c h  of the  i s o m e r s  in F i g u r e s  1 - 5  (pages
6  - 10). E a c h  of t h e s e  f i g u r e s  co n ta in s  a  c o n c e n t r a t i o n -
t e m p e r a t u r e  c u r v e  b a s e d  on t h e r m o d y n a m i c  c a l c u l a t i o n s  and
c o n c e n t r a t i o n - t e m p e r a t u r e  da ta  po in t s  b a s e d  on a c t u a l  e q u i l i b r i u m
d e t e r m i n a t i o n s .  T h e r m o d y n a m i c  d a ta  c o m p i l e d  in the  A P I - 4 4
( 61 )
s tudy  a r e  the  b a s i s  fo r  the  c o n c e n t r a t i o n - t e m p e r a t u r e  c u r v e  
T h i s  c u r v e  for  e a c h  of the  f ive  i s o m e r s  is  s u b j e c t  to p o s s i b l e  
i n a c c u r a c i e s  s in ce  the  c a l c u l a t i o n  i s  d e p en d e n t  on s m a l l  d i f f e r ­
e n c e s  b e tw e e n  l a r g e  n u m b e r s .
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One of the  f i r s t  e x p e r i m e n t a l  d e t e r m i n a t i o n s  of hex an e  
i s o m e r  e q u i l i b r i u m  w a s  r e p o r t e d  by K och  and  R i c h t e r  in  1944 
T h e i r  w o r k  w as  done a t  7 7 ° F  w i th  a n  a l u m i n u m  c h lo r id e  c a t a ly s t .
In 1947 Van V o o r t h u i j s e n  r e p o r t e d  e q u i l i b r i u m  v a lu e s  a t  1 7 6 ° F ^ ^ ^ \  
An e x c e l l e n t  s tudy  w a s  c o m p le t e d  in 1949 by E v e r i n g  and  • 
d 'O u v i l l e ^ ^ ^ \  T h e i r  w o r k  c o v e r e d  a r a n g e  f r o m  7 0 ° F  to 4 0 0 ° F  
an d  the r e s u l t s  d i f f e r e d  c o n s i d e r a b l y  f r o m  th o s e  c a l c u l a t e d  w i th  
A P I - 4 4  da ta .  The d i f f e r e n c e s  w e r e  r e l a t i v e l y  s m a l l ,  1-2%, f o r  
n - C ^  and  2, 3 -D M B  but  w e r e  s i z e a b l e  fo r  the  o t h e r  t h r e e  i s o m e r s .  
F o r  e x a m p l e ,  a t ~ 3 0 0 ° F  E v e r i n g  and  d 'O u v i l l e  m e a s u r e d  ~17% 
3 - M P  vs .  ~ 1 1 % by A P I - 4 4 ,  ~33% 2 - M P  vs .  ~25% by A P I - 4 4 ,  and  
~30%  2, 2-DM B vs .  ~44% by A P I - 4 4 .
The n e x t  c o m p r e h e n s i v e  s tudy  of h e x a n e  i s o m e r  e q u i l i ­
b r i u m  w a s  r e p o r t e d  in 1959 by R idgw ay  and  Schoen^^^^. T hey  
o b ta in e d  e q u i l i b r i u m  v a l u e s  a t  1 2 2 °F  and 7 0 0 ° F .  E q u i l i b r i u m  
c o m p o s i t i o n s  a t  i n t e r m e d i a t e  t e m p e r a t u r e s  w e r e  c a l c u l a t e d  by 
u s in g  the n e a r l y  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t e m p e r a t u r e  and  the 
f r e e  e n e r g y  of i s o m e r i z a t i o n .  R e s u l t s  by  S c h r i e s h e i m  and 
K h o o b i a r   ^ a t  8 0 - 1 0 5 ° F ,  by  B loch ,  D ona ldson ,  and  H aense l^   ^
a t  2 6 6 - 3 3 6 ° F ,  and  by Rabo ,  P i c k e r t ,  and  Mays^^^^ a t  6 2 6 - 6 8 0 ° F  
a r e  in c lo s e  a g r e e m e n t  w i th  the f ind ings  of R idgw ay  and  Schoen. 
R id g w ay  and  Schoen da ta  a r e  u s e d  a s  the s t a n d a r d  in th i s  s tudy.
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3. C a t a l y s t s
a .  A c id  H a l id e s
T h i s  type of c a t a l y s t  w a s  w id e ly  u s e d  in  the  n i n e t e e n
f o r t i e s  f o r  the  i s o m e r i z a t i o n  of p a r a f f i n s  and  n a p h th e n e s .
E s s e n t i a l l y  the c a t a l y s t  c o n s i s t e d  of a l u m i n u m  c h lo r id e  p lus
h y d r o g e n  c h lo r id e .  The  h y d r o g e n  c h l o r i d e  w a s  d i s s o l v e d  in the
fe e d  and  the  a l u m i n u m  c h lo r id e  w a s  r e t a i n e d  in  the  c a t a l y s t  bed.
The  r e t e n t i o n  of the a l u m i n u m  c h lo r id e  w a s  a  p r o b l e m  b e c a u s e  of
i t s  h igh  vo la t i l i ty .
One so lu t io n  to the p r o b l e m  w a s  to a d s o r b  the  a l u m i n u m
c h l o r i d e  on a  s u p p o r t  of b a u x i t e ^ A n o t h e r  m e th o d  of r e d u c in g
the  v a p o r  p r e s s u r e  of the  a l u m i n u m  c h l o r i d e  w a s  to f o r m  a  l iqu id
( 67 )a l u m i n u m  c h l o r i d e - h y d r o c a r b o n  c o m p le x  . A t h i r d  m e th o d  is
(39)a  s o lu t io n  of a l u m i n u m  c h lo r id e  in  a n t im o n y  t r i c h l o r i d e
In a d d i t io n  to a l u m i n u m  c h l o r i d e ,  s e v e r a l  o th e r  a c id
h a l id e  c a t a l y s t s  have  b e e n  found to be e f f e c t iv e  in  p a r a f f i n  i s o m -
(27)e r i z a t i o n .  Some of t h e s e  c a t a l y s t s  a r e :  a l u m i n u m  b r o m i d e  , 
b o r o n  t r i f l u o r i d e  p lu s  h y d r o g e n  f lu o r id e ^ ^ ^ '^ ^  \  and  z inc  
chloride^^^\
T h e s e  a c i d  h a l id e  c a t a l y s t s  a r e  v e r y  a c t i v e  a t  low t e m p ­
e r a t u r e s  ( a m b ie n t  to  25 0 °F )  bu t  have  the p r o b l e m s  of s ide  
r e a c t i o n s ,  c a t a l y s t  d e a c t iv a t io n  an d  c o r r o s i o n .
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b. M e ta l  on  A m o r p h o u s  Solid
T h i s  type  of c a t a l y s t  i s  a  c o m b in a t io n  of a  h y d ro g e n a t io n  
c o m p o n e n t  ( d i s p e r s e d  m e ta l )  s u p p o r t e d  on a  c r a c k i n g  co m p o n en t  
( s i l i c a - a l u m i n a ) .  T he  m e t a l  u s e d  in th i s  c a t a l y s t  i s  a  t r a n s i t i o n  
m e t a l  o r  t r a n s i t i o n  m e t a l  oxide ,  such  a s  c o b a l t ^ ^ ^ \  n i c k e l ^ ^ ^ \  
p la t inum^^^ \  m o l y b d e n a ^ ^ ^ \  tu n g s t i c  oxide /^^^  or  zirconia^*^ \
The  c r a c k i n g  c o m p o n e n t  c o n s i s t s  u s u a l l y  of s i l i c a - a lu m i n a ^ ^ ^  ^
, . ( 3 , 2 6  )o r  a l u m i n a
T h e s e  n o n - c o r r o s i v e ,  so l id  c a t a l y s t s  a r e  o p e r a t e d  in 
f ixed  b e d s  u n d e r  m o d e r a t e  h y d r o g e n  p r e s s u r e s  a t  a  t e m p e r a t u r e  
of 6 0 0 - 9 0 0 ° F .  A t  th i s  t e m p e r a t u r e  c o n v e r s i o n  to i s o p a r a f f i n s  is  
l i m i t e d ,  b e c a u s e  of t h e r m o d y n a m i c  e q u i l i b r i u m ,  to a  l o w e r  y ie ld  
th a n  i s  p o s s i b l e  w i th  the a c i d  ha l id e  type  of c a t a l y s t  w h ich  
o p e r a t e s  a t  a  m u c h  l o w e r  t e m p e r a t u r e .
c. M e ta l  on A m o r p h o u s  S o l id -H a l id e  M odif ied
A p l a t i n u m - a l u m i n a  c a t a l y s t  w h en  r e a c t e d  w i th  a n h y d ro u s  
a l u m i n u m  c h lo r id e  r e s u l t e d  in  a n  i s o m e r i z a t i o n  c a t a l y s t  w h ich  
o p e r a t e d  in the 2 0 0 - 4 0 0 ° F  t e m p e r a t u r e  r a n g e ^ ^ ^ ’ *^^  \  In a d d i ­
t io n  to u s in g  a l u m i n u m  c h lo r id e  to m od ify  a co n v en t io n a l
(p l a t i n u m - a l u m i n a )  r e f o r m i n g  c a t a l y s t ,  o r g a n i c  c h l o r i d e s  have
(24)a l s o  b e e n  u s e d  w i th  s u c c e s s  . T h i s  type of c a t a l y s t  i s  v e r y  
new  an d  looks  v e r y  p r o m i s i n g .
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d. M e ta l  on C r y s t a l l i n e  Zeo l i t e
P l a t i n u m  o r  p a l l a d i u m  on a  type Y z e o l i t e  h a s  b e e n  shown 
to be a c t iv e  fo r  p e n ta n e  and  h ex an e  i s o m e r a t i o n  in  the  t e m p e r a -
/ C*7 \
t u r e  r a n g e  of 6 0 0 - 6 5 0 ° F  . T h i s  c a t a l y s t  w a s  shown to be  r e l a ­
t iv e ly  i n s e n s i t i v e  to w a t e r ^ ^ ^ \  and  the p l a t i n u m  f o r m  w a s  m o r e
(58)r e s i s t a n t  to su l fu r  p o iso n in g  th a n  the p a l l a d i u m  f o r m  . A 
p l a t i n u m ^ a n d  a  pa l lad ium ^  ^ l o a d e d  m o r d e n i t e  c a t a l y s t  have  
b e e n  shown to be  a c t i v e  in  the  5 0 0 - 5 5 0 ° F  t e m p e r a t u r e  r a n g e .
e.  C r y s t a l l i n e  Zeo l i te
T h i s  p r e s e n t  w o r k  r e p o r t s  on a  m o r d e n i t e  c a t a l y s t ,  
w i th o u t  an y  m e t a l ,  w h ic h  is  a c t i v e  f o r  h ex an e  i s o m e r i z a t i o n  a t  
5 0 0 °F .
f. S u m m a r y
A wide  v a r i e t y  of c a t a l y s t s  e x i s t s  f o r  p a r a f f i n  i s o m e r i z a ­
t io n ,a n d  th e y  c o v e r  a  l a r g e  r a n g e  of o p e r a t i n g  t e m p e r a t u r e s  a s  
show n  in  T ab le  2 (page 15).
4. M e c h a n i s m
a.  A c id  Ha l ide  C a t a l y s t s
In  the  e a r l y  n in e t e e n  f o r t i e s  s e v e r a l  m e c h a n i s m s  w e r e  
s u g g e s t e d  to ex p la in  the  i s o m e r i z a t i o n  r e a c t i o n  w i th  the a c id  
h a l id e  c a t a l y s t s .  In g e n e r a l ,  t h e s e  m e c h a n i s m s  w e r e  b a s e d  on 
the  f o r m a t i o n  of a n  a c t i v a t e d  c o m p le x  b e t w e e n  the  c a t a l y s t  an d
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T a b le  2 . I s o m e r i z a t i o n  C a t a l y s t s .
I s o m e r i z a t i o n  C a t a l y s t  
P l a t i n u m  - a l u m i n a  
F l a  t i n u m - s i l i c a - a l u m i n a  
P l a t i n u m  - a l u m i n a  - b o r i a  
P l a t i n u m - t y p e  Y z eo l i t e  
P l a t i n u m - m o r d e n i t e  
M o rd e n i t e
P l a t i n u m  - a l u m i n a  -h a l id e
A lu m in u m  C h lo r id e  c o m -  
p lex ed  w i th  h y d r o c a r b o n
A lu m in u m  c h lo r id e  d i s ­
so lved  in  SbCl^
A lu m in u m  c h lo r id e  s u p ­
p o r t e d  on a l u m i n a
A lu m in u m  b r o m i d e
O p e ra t in g  
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the  h y d r o c a r b o n .  T h i s  v iew  i s  s t i l l  s u p p o r t e d  by  a  few
, ( 5 , 2 1 )r e s e a r c h e r s
H o w ev e r ,  a t  the  p r e s e n t  t i m e ,  the  m o r e  w id e ly  a c c e p t e d
e x p la n a t io n  of the  p a r a f f i n  i s o m e r i z a t i o n  m e c h a n i s m  i s  b a s e d  on
the  c a r b o n i u m  ion  th e o r y .  T h i s  m e c h a n i s m  w a s  f i r s t  p r o p o s e d
( 8 )by B loch ,  P i n e s  a n d  S c h m e r l i n g  an d  s u b s t a n t i a t e d  by  P i n e s  
a n d  W ackher^
To b e g in  th is  s e r i e s  of r e a c t i o n s ,  a  c a r b o n i u m  ion
( 53)i n i t i a t o r  i s  n e ed e d .  T r a c e  q u a n t i t i e s  of a n  o le f in  , a lk y l
, . . .  ( 2 9 ,5 1 )  (4 9 ,5 4 )   ^ (66 ,69 ) .. .  _h a l id e  , o x ygen  o r  w a t e r  w i l l  s e r v e  a s  the
i n i t i a t o r .  The e n t i r e  r e a c t i o n  can  be  though t  of a s  c o n s i s t i n g  of
( 1 ) c a r b o n i u m  ion  f o r m a t i o n ,  ( 2 ) c a r b o n i u m  ion  r e a r r a n g e m e n t ,
an d  (3) c h a in  p r o p a g a t i o n .  T h e s e  s t e p s  a r e  shown fo r  b u tan e .
C a r b o n i u m  ion  f o r m a t i o n
C H aC H ^H gC H a  + r'*' -  CH 3  ^HCHg CH 3  + RH
C a r b o n i u m  ion  r e a r r a n g e m e n t
CH3 ^HCHs CH3 ^ CH3 CH^Hg ïi CH 36-C H 3
CH3  CH 3
C h a in  p r o p a g a t i o n
C H , 6 -CHo + CH 3 CH 2 CH 2 CH3
CH3
CH3CHCH3 + CH3^HCH2CH3
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b.  M e ta l  on Solid S uppor t
T h i s  i n c lu d e s  c a t a l y s t s  w i th  a m o r p h o u s  o r  c r y s t a l l i n e  
so l id s  a s  the  a c i d i c  com p o n en t .  The  m e c h a n i s m  fo r  p a r a f f i n  
i s o m e r i z a t i o n  w i th  th i s  type of c a t a l y s t  a l s o  m a k e s  u s e  of the 
c a r b o n i u m  ion  th e o r y .  H o w ev e r ,  th i s  m e c h a n i s m  d i f f e r s  f r o m  
the  m e c h a n i s m  w h ic h  is  a c c e p t e d  f o r  the a c id  h a l id e  c a t a l y s t s ,  
in  th a t  i t  does  n o t  depend  on ch a in  p r o p a g a t i o n  b u t  i n s t e a d  
fo l low s  a  " d u a l - s i t e "  m e c h a n i s m .  T h i s  d u a l - s i t e  m e c h a n i s m  
is  shown f o r  b u tan e .
D e h y d r o g e n a t io n  of n o r m a l  p a r a f f i n
CH3 CH2 CH3 CH3 -  CH3CH=CHCH3 + Hg
C a r b o n i u m  ion  f o r m a t i o n
CH3CH=CHCH3 + -  CH36HCH2CH3
C a r b o n i u m  ion i s o m e r i z a t i o n
CH 3 6 HCH 2  CH 3  5:: CH 3 ÇHCH 2  CH 3 6 -C H 3
CH 3  CHg
I s o - o l e f i n  f o r m a t i o n
CH 3 6 -C H 3  -  CH 3 Ç=CHg + h'*’
CH 3  CH 3
H y d ro g e n a t io n  of i s o - o l e f i n
CH 3 Ç=CH 2  + Hg -  CH3 Ç - C H 3  
CH 3  CHg
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B. C r y s t a l l i n e  Z e o l i t e s
1. In t r o d u c t io n
Zeo l i t e  m i n e r a l s  w e r e  d i s c o v e r e d  a n d  n a m e d  in 1756 by 
B a r o n  C r o n s t e d t ,  the  Sw ed ish  m i n e r a l o g i s t ^  The  n a m e
" Z e o l i t e "  m e a n s ,  in  G re e k ,  " to  bo i l  a  s to n e "  and  th i s  n a m e  w a s  
s e l e c t e d  b e c a u s e  m o s t  z e o l i t e  m i n e r a l s  d e c o m p o s e  e x o t h e r m i -  
c a l ly  in a c id .  M o r e  r e c e n t l y  S m i th  has  de f ined  a  c r y s t a l l i n e  
zeo l i t e  a s  " a n  a l u m i n o - s i l i c a t e  w i th  a  f r a m e  w o r k  s t r u c t u r e  
e n c lo s in g  c a v i t i e s  o c cu p ie d .b y  l a r g e  io ns  an d  w a t e r  m o l e c u l e s ,  
b o th  of w h ich  have  c o n s i d e r a b l e  f r e e d o m  of m o v e m e n t ,  p e r m i t t i n g  
ion  ex ch an g e  and  r e v e r s i b l e  d ehydra t ion"^
The  m a j o r  u s e s  of t h e s e  un ique  m i n e r a l s  inc lude  w a t e r  
so f ten ing ,  s e l e c t iv e  a d s o r p t i o n  and  c a t a l y s t s  f o r  v a r i o u s  
c h e m i c a l  r e a c t i o n s .  Quite  o f ten  the  z e o l i t e s  a r e  r e f e r r e d  to a s  
m o l e c u l a r  s i e v e s .  T h i s  n a m e  w a s  o r i g i n a l l y  p r o p o s e d  by M cB a in
in  1932 b e c a u s e  of the  s p e c i a l  s o r p t i v e  p r o p e r t i e s  of t h e s e
1 (40) m i n e r a l s
The  f ie ld  of c r y s t a l l i n e  z e o l i t e s  is  r e c e i v i n g  wide 
a t t e n t io n  in  the j o u r n a l s .  T h r e e  e x c e l l e n t  s u m m a r y  p a p e r s  a r e  
by  N iko l ina  e t  a l ^ ^ ^ \  B a r r e r ^  ^  ^ and  B reck^
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2. P h y s i c a l  P r o p e r t i e s  of C r y s t a l l i n e  Z e o l i t e s  
a .  G e n e r a l
T h e r e  a r e  s e v e r a l  n a t u r a l l y  o c c u r i n g  z e o l i t e s , a n d  s o m e  
of th e s e  z e o l i t e s  have  b e e n  s y n t h e s i z e d  in  the  l a b o r a t o r y .  In 
ad d i t io n ,  a few z e o l i t e s  have  b e e n  s y n t h e s i z e d  f o r  w h ic h  t h e i r  
n a t u r a l l y  o c c u r i n g  c o u n t e r p a r t s  have  n o t  b e e n  iden t i f i ed .  A 
g e n e r a l  s t r u c t u r a l  f o r m u l a ,
c an  r e p r e s e n t  a  u n i t  c e l l  in a  z eo l i t e  s t r u c t u r e ^  The  un i t
c e l l  c o n ta in s  a  m e t a l  c a t i o n  "M e "  w i th  p o s i t i v e  c h a r g e  "n "  and  
"M " m o l e c u l e s  of w a t e r .  T a b le  3 (page  20 ), a b r i d g e d  f r o m  
the  above  r e f e r e n c e ,  t a b u l a t e s  the  p r o p e r t i e s  of s o m e  i m p o r t a n t  
z e o l i t e s .
The b a s i c  f r a m e w o r k  of the z e o l i t e  c r y s t a l s ,  a s  shown
in F i g u r e  6  (page 21 ), i s  the  t e t r a h e d r o n  c o n s i s t i n g  of fo u r
3+ 4+oxygen  a t o m s  w i th  a n  A1 o r  Si a t o m  in  the  c e n t e r .  To
3+m a i n t a i n  e l e c t r i c a l  n e u t r a l i t y  e a c h  A1 r e q u i r e s  a  m o n o v a le n t
+ 24-ion,  s u c h  a s  Na , o r  n e e d s  to s h a r e  a  d iv a l e n t  ion ,  s u c h  a s  Ca
In F ig u r e  7 (page 22 ) s e v e r a l  a t o m s  a r e  a s s e m b l e d  to show a
r a t h e r  s im p le  z e o l i t e  c r y s t a l .  F i g u r e  8  (page  23 ) shows  the
s t r u c t u r e  of a  w id e ly  u s e d  z e o l i t e ,  type  X o r  Y.
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T a b le  3 . P r o p e r t i e s  of Some I m p o r t a n t  Z e o l i t e s .
G e n e r a l  f o r m u l a  Me , F(AlO ) (SiO ) "1 . M H _ 0
x / n  L 2 X Z 'y J  2
Void
Z e o l i t e
N a m e
G e n e r a l  f o r m u l a  
Me X Y M
V o lu m e ,
c c / g m
Ape r a t u r e  
Size ,  X
C h a b a z i t e Ca 8  . 16 26 0 . 29 3. 0 X 4. 3
(Nova Scotia)
E r i o n i t e  Ca,  Mg, Na 9 27 27 0 . 2 1 3. 6  X 5. 2
(Oregon)
F a u j a s i t e Na, Ca,  Mg 60 132 260 0 . 35 8 .
(G e rm a n y )
M o r d e n i t e Na 8 40 24 0. 14 5. 8  X 7 . 6
(sy n th e t ic )  
P h i l i p  s i te N a , K 5 1 1 1 0 0 . 2 2 4. 0
(Italy) 
Z e o l i t e  A Na 1 2 1 2 27 0. 30 4. 2
(sy n th e t ic )  
Z e o l i t e  B Na 6 1 0 15 0. 15 3. 5
(sy n th e t ic )  
Z e o l i t e  X Na 8 6 106 264 0. 36 8 .
( sy n th e t ic )  
Z e o l i t e  Y Na 56 136 264 0. 35 8 .
( sy n th e t ic )
B a s e d  on the a m o u n t  of w a t e r  co n ta in ed  p e r  g r a m  d e h y d r a t e d  
z eo l i t e .
A sy n th e t i c  f a u j a s i t e .
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T e t r a h e d r o n  of fo u r  
oxygen  a t o m s  w i th  a  
s i l i c o n  a t o m  in  the  c e n t e r
S i l i co n  (Si ) r e p l a c e d  w ith
a n  a l u m i n u m  (A1 ) and  a
s o d i u m  (Na^^)
Two a l u m i n u m  a t o m s  
s h a r e  one d iv a l e n t  c a l c i u m  a t o m
F i g u r e  6  . B a s i c  F r a m e w o r k  of Z e o l i t e  C r y s t a l s .
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A t o m i c  S t r u c t u r e
S i l icon  or 
a l u m i n u m  a t o m
Oxygen a t o m
C r y s t a l  S t r u c t u r e
F i g u r e  7 . S t r u c t u r e  of S im p le  Z e o l i t e  C r y s t a l .
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F i g u r e  8  , S t r u c t u r e  of Type  X or  Y Zeo l i te .
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b. M ordenite
M o r d e n i t e  h a s  the  s t r u c t u r a l  f o r m u l a
N ^ 8 « " ° 2 > 8 < « ° 2 > 4 0 ^  ■ « z O -
T h i s  p a r t i c u l a r  z eo l i t e  h a s  the  unique  d i s t i n c t io n  a m o n g  a l l  
z e o l i t e s  of hav ing  the  h i g h e s t  S i / A l  r a t i o ^ ^ ^ \  At  the  o t h e r  end 
of the  s c a l e  is  z e o l i t e  A w i th  a  S i / A l  r a t i o  of 1 ^ ^ ^ \  M o rd e n i t e  
h a s  b e e n  found in  B u l g a r i a ^ ^ ^ \  Iceland^ ^ \  I d a h o ^ I t a l y ^
J a p a n ^ ^ ^ \  Nevada^^^^, Nova Scotia^  ^ Sov ie t  Union^^^^ and
• w  • (16)in W yom ing
In a d d i t io n  to be in g  found in  n a t u r e ,  m o r d e n i t e  c an  be
s y n t h e s i z e d .  B a r r e r  r e p o r t e d  in  1948 a  s u c c e s s f u l  s y n t h e s i s
of m o r d e n i t e  by a  h y d r o t h e r m a l  method^  ^ \  M o r e  r e c e n t l y
(72 73 )p a t e n t s  h ave  b e e n  i s s u e d  to N o r to n  C o m p a n y  '  an d  to A i r  
(75)L iq u id e  fo r  the  p r e p a r a t i o n  of c r y s t a l l i n e  m o r d e n i t e .
The c r y s t a l  s t r u c t u r e  of m o r d e n i t e  d i f f e r s  f r o m  th a t  of 
the  z e o l i t e s  X an d  Y p r e v i o u s l y  m e n t io n e d .  F i g u r e  9 (page 25 ) 
show s  a  c r o s s - s e c t i o n a l  v iew  of m o r d e n i t e  w i th  the p o in t s  of 
i n t e r s e c t i o n  r e p r e s e n t i n g  Si o r  A1 a t o m s .  T h i s  a r r a n g e m e n t ,  
e s s e n t i a l l y  p l a n a r ,  i s  r e p e a t e d  a t  r e g u l a r  i n t e r v a l s .  The  
r e s u l t i n g  c r y s t a l  c o n ta i n s  p a r a l l e l  e l l i p t i c a l  ( 6 . 95& x  5. BIjS) 
a d s o r p t i o n  tu b es .
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Hh - 20. 49A
18. I3Â
<■5. BlÂ
(18)F i g u r e  9 . C r o s s -S ec t io n a l  View of M o r d e n i t e
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3. C a t a ly t i c  P r o p e r t i e s  of C r y s t a l l i n e  Z e o l i t e s  
a .  G e n e r a l
T h e  un ique  s t r u c t u r a l  p r o p e r t i e s  of the z e o l i t e  c r y s t a l s
o f f e r  fa b u lo u s  o p p o r t u n i t i e s  f o r  h igh ly  s e l e c t i v e  c a t a l y s i s .
I n d u s t r i a l  i n t e r e s t  in  th i s  p o te n t i a l  b e g a n  to f l o u r i s h  in  the
n in e t e e n  s ix t i e s .  E a r l i e r  e f f o r t s  e x i s t e d ,  a s  e v id e n c e d  by a 
(77)
1917 p a t e n t  f o r  a  h y d r o g e n a t i o n - d e h y d r o g e n a t i o n  r e a c t i o n
u s i n g  a  p a l l a d i u m  e x c h a n g e d  c h a b a s i t e ,  bu t  i t  w a s  n o t  un t i l  ab o u t
I960 t h a t  i n t e r e s t  r e a l l y  b l q s s o m e d .  T he  u s e  of z e o l i t e  c a t a l y s t s
i s  a l r e a d y  qu i te  s i z e a b l e  and  a  few  of the  p r o c e s s  u s e s  a r e
s u m m a r i z e d  in  T a b le  4 (page 27 ) w h ic h  w a s  a b r i d g e d  f r o m  a
(4S)r e c e n t  a r t i c l e  by M i l l e r
The  m o l e c u l a r  s i e v e  type  s t r u c t u r e  of the  z e o l i t e s  
p r o v i d e s  o pen ings  in to  the s t r u c t u r e  a n d  in to  the  i n t e r c o n n e c t i n g  
vo id  v o l u m e s .  T h r o u g h  t h e s e  o p en in g s  s m a l l  m o l e c u l e s  c an  
p a s s  w h i le  l a r g e r  m o l e c u l e s  a r e  exc lu d ed .  The  a d m i t t e d  
m o l e c u l e  i s  then  s u b j e c t e d  to a  c a t a l y t i c  e n v i r o n m e n t .  The 
s t r e n g t h  an d  type  of c a t a l y t i c  e n v i r o n m e n t  c an  be  a l t e r e d ,  fo r  
e x a m p l e ,  by  chang ing  the c a t i o n s  p r e s e n t  in  the  c r y s t a l  
s t r u c t u r e .
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T a b le  4 . Som e of the  P r o c e s s e s  T h a t  Can  Use  Z eo l i t e  C a t a l y s t s .
P r o c e s s F e e d / P r o d u c t s
P r o b a b l e
Zeo l i te
C a t a l y s t
D e h y d r a t io n A lc o h o l s  + a c i d s / e s t e r s A
D e h y d r o h a lo g e n a t io n A lk y lh a l id e s  /  o le f ins A
S e le c t iv e  h y d r o g e n a ­
t ion
S t r a i g h t  and  b r a n c h e d  o l e f i n s /  
n - a l k a n e s  and  b r a n c h e d  o le f ins
A
C a t a ly t i c  c r a c k i n g G as  o i l / g a s o l i n e X ,Y
H y d ro d e a lk y  la t ion T o l u e n e / b e n z e n e X ,Y
H y d ro g e n a t io n B e n z e n e / c y c l o h e x a n e X ,Y
H y d ro g e n a t io n  of 
f a t s  and  oils
U n s a t u r a t e d  f a t s  and  o i l s /  
s a t u r a t e d  fa t s  a n d  oil s
X ,Y
D e h y d ro g e n a t io n E th y lb e n z e n e  /  s t y r e n e X , Y
M eth a n a t io n S y n th e s i s  g a s / m e t h a n e X ,Y
A lk y la t io n A r o m a  t i c s  + o l e f i n s /  
a lk y l a t e d  a r o m a t i c s
Y
C a ta ly t i c  r e f o r m i n g N aph tha  /  gas  o l ine Y
I s o m e r i z a t i o n L i g h t  n a p h t h a / h i g h - o c t a n e  
b len d in g  s to c k s
Y
P o l y m e r i z a t i o n Low M. W. o l e f i n s / g a so l in e Y
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b. M ordenite
The  c a t a ly t i c  p r o p e r t i e s  of m o r d e n i t e  w e r e  f i r s t  r e p o r t e d
( 34)by  Keough and  Sand in  1961 . T h i s  p a r t i c u l a r  c a t a l y s t  w a s
the  h y d ro g e n  f o r m  (Na c a t i o n s  had  b e e n  e x c h a n g e d  f o r  H) of a  
sy n th e t i c  s o d iu m  m o r d e n i t e .  The r e p o r t e d  c a t a l y s t  a c t i v i t y  w as  
e x c e l l e n t  f o r  c a t a ly t i c  c r a c k i n g  of n - d e c a n e  an d  n - h e x a d e c a n e ,  
f o r  d e h y d ra t io n  of e thano l ,  an d  fo r  i s o m e r i z a t i o n  of c y c lo h e x a n e .  
In a  l a t e r  p a p e r  by  K eough  on the c a t a l y t i c  c r a c k i n g  of n - d e c a n e  
a n d  c u m e n e  with  v a r i o u s  c a t io n  e x c h a n g e d  s y n th e t i c  m o r d e n i t e s ,  
i t  w a s  conc luded  t h a t  the  r e s u l t s  w e r e  c o m p a t ib l e  w i th  a  
c a r b o n i u m  ion  m e c h a n i s m ^ ^ ^ \
M o r e  r e c e n t l y  n a t u r a l  (Nova Scot ia )  m o r d e n i t e  w h ic h  had  
b e e n  b a s e  ex ch a n g e d  w i th  a c id  w a s  found to i s o m e r i z e  bo th  n -  
b u ta n e  and  c yc lohexane  r e a d i l y  a t  3 9 2 ° F ^ ^ ^ \
The c a t a ly t i c  p r o p e r t i e s  of sy n th e t i c  m o r d e n i t e  a r e  a l s o  
r e c e i v i n g  c o m m e r c i a l  i n t e r e s t  a s  in d i c a t e d  by  the  p a t e n t  
act iv i ty^^  ,76 ,80 )^  s u p e r i o r  c a t a l y t i c  a c t i v i t y  of m o r d e n i t e
a n d  o th e r  c r y s t a l l i n e  z e o l i t e s  is  b r o u g h t  ou t  in  T a b le  5 (page  29) 
w h ic h  w as  a b r i d g e d  f r o m  a r t i c l e s  by  W eisz  e t  al^^^^ and  
M ia le  e t  a l ^ ^ ^ l
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T a b le  5 . C r a c k in g  A c t iv i ty  of V a r i o u s  C a t a l y s t s  w i th  n - H e x a n e .
C a t io n s  in  B a s e R e la t iv e
C a t a l y s t E x c h a n g in g  Solu t ion A c t iv i ty
A rt io rphous  SiO^ . Al^O^ - - 1 . 0
A - Z e o l i t e  (syn. ) Ca 0 . 6
F a u j a s i t e  (syn. ) Ca 1 . 1
F a u j a s i t e  (syn. ) NH4^ 6 ,4 0 0
F a u j a s i t e  (syn. ) Ce,  L a ,  NH^ > 1 0 , 0 0 0
M o rd e n i t e  (syn. ) Ca 1 . 8
M o r d e n i t e  (syn.  ) Ca, H 40-2 0 0
M o r d e n i t e  (syn. ) NH.4 > 1 0 , 0 0 0
M o r d e n i t e  (nat .  ) NH.4 > 1 0 , 0 0 0
C h a b a z i t e  (nat .  ) NH.4 > 1 0 , 0 0 0
G m e l in i t e  (nat .  ) NH.4 > 1 0 , 0 0 0
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C H A P T E R  HI 
E X P E R I M E N T A L
A. G e n e r a l
The e q u ip m e n t  u s e d  in th i s  r e s e a r c h  w o r k  w a s  o r ig i n a l ly  
ob ta ined  f r o m  E s s o  R e s e a r c h  L a b o r a t o r i e s  fo r  a  r e s e a r c h  p r o ­
j e c t  w h ich  w a s  f in a n c ed  by  E s s o  R e s e a r c h  and  E n g i n e e r i n g  Co. 
The  p la n s  and  d e s ig n  of th is  e q u ip m e n t  w e r e  c a r r i e d  out by P .  A. 
B r y a n t ,  the o r ig i n a l  m e m b e r  of the  E. R. &cE. r e s e a r c h  p r o j e c t ,  
and  the e q u ip m e n t  w as  a s s e m b l e d  by the  a u th o r .  The  e q u ip m e n t  
i s  lo c a t e d  in the P e t r o l e u m  P r o c e s s i n g  L a b o r a t o r y  of the  
C h e m i c a l  E n g i n e e r i n g  D e p a r t m e n t  a t  L o u i s i a n a  S ta te  U n iv e r s i ty .
B. A p p a r a t u s
1. R e a c t o r  S y s t e m
a. L a y o u t
The r e a c t o r  s y s t e m  w a s  m o u n te d  on a  s t e e l  f r a m e ,  t h r e e  
f e e t  w id e ,  t h r e e  f e e t  d eep ,  and  s ix  f e e t  h igh ,  a n d  the e n t i r e  
r e a c t o r  s y s t e m  w a s  p l a c e d  in a  w a l k - i n  hood. The  hood w a s  
equ ipped  w i th  3000 c fm  e x h a u s t  fan  and  s l id in g  s a f e t y - g l a s s  
p e n e l s  w h ic h  could  be c lo s e d  to w i th in  s ix  in c h e s  of the  f lo o r .
The  la y o u t  of the  r e a c t o r  s y s t e m  i s  show n  in F i g u r e  10 (page 31).
30
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d P  C el l
W et  T e s t  
M e t e rR e g u l a t o r
G as
M anifo ld
F lu id iz in g
V e s s e l
W a te r  
S a t u r a to rD r i e r
Ice  B a th
A i r  R o t o m e t e r  
f o r  F lu i d i z in g  
V e s s e l  ^
P a l l e t i z e d  
S tee l  F  r a m e
F i g u r e  10. L a y o u t  of E q u i p m e n t .
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b. Flow P la n
F i g u r e  11 (page  33) i s  a  s i m p l i f i e d  flow d i a g r a m  of the 
l iqu id  feed  s y s t e m ,  g a s  f e e d  s y s t e m  an d  the e n t i r e  r e a c t o r  
s y s t e m  inc lud ing  the  p r o d u c t  r e c o v e r y  e q u ip m e n t .  The  l iqu id  
feed  s y s t e m  w as  lo c a t e d  a d j a c e n t  to the  w a l k - i n  hood, the  gas  
f e e d  s y s t e m  w a s  lo c a t e d  p a r t i a l l y  o u t s id e  the  bu i ld in g  w i th  the  
r e m a i n d e r  s i t u a t e d  in the  hood, and  the r e a c t o r  s y s t e m ,  a s  m e n ­
t ioned  e a r l i e r ,  w a s  l o c a t e d  e n t i r e l y  in s id e  the  hood.
The  l iqu id  feed  s y s t e m  c o n s i s t e d  of a  b u r e t  fo r  load ing  
the  p u m p  and  a  R u s k a  h ig h  p r e s s u r e ,  p o s i t i v e  d i s p l a c e m e n t  p um p  
w h ic h  w a s  c ap a b le  of f e ed in g  b e t w e e n  2 and  240 c c / h r .  The  
d e s i r e d  fe e d  r a t e  w a s  s e l e c t e d  by  m a n u a l l y  chan g in g  the g e a r  - 
d r i v e  s y s t e m .
The  gas  f e e d  s y s t e m  in c lu d ed  f a c i l i t i e s  f o r  n i t r o g e n  
w h ich  w a s  u s e d  f o r  p u r g i n g  the  s y s t e m  and  f o r  h y d r o g e n  w h ich  
w a s  u s e d  d u r in g  the  ru n .  Both  g a s e s ,  in d e p en d e n t ly ,  w e n t  
t h r o u g h  a  p r e s s u r e  r e g u l a t o r  and  d r i e r ,  and  th e n  w e r e  jo in e d  a t  
a  m an ifo ld .  The  ga s  i n l e t  l ine  con t in u ed  on th r o u g h  a n o t h e r  
p r e s s u r e  r e g u l a t o r  and  d r i e r ,  t h r o u g h  a n  i n t e g r a l  o r i f i c e  d P  ce l l  
f o r  m e a s u r e m e n t ,  t h r o u g h  a  n e e d le  va lve  fo r  c o n t r o l ,  p a s t  a 
p r e s s u r e  gage ,  p a s t  a  s a f e ty  v a lv e  and  to the  r e a c t o r  in le t .
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Liqu id  F e e d  B u r e t  
R u s k a  P u m p
Need le
Value
d P  Cel l
Ï
^  ^ S a f e t y
P r e s .
Gage
D r i e r
R e g u l a t o r








B a c k - p r e s s u r e  
R e g u l a to r
L iq u id
P r o d u c t





H y d ro g e n  N i t r o g e n  
C y l in d e r  C y l in d e r
F lu i d i z in g
V e s s e l
0 WetT e s tMeter-
W a te r
S a t u r a t o r
F i g u r e  11. S im p l i f ied  F lo w  D i a g r a m  of E q u ip m e n t .
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F i g u r e  1 2  (page  35 ) i s  a  s k e t c h  of the  r e a c t o r .  The 
r e a c t o r  body w a s  c o n s t r u c t e d  of 1 /2 "  s c h e d u le  80 Incone l  p ipe .  
M i c r o - m e t a l l i c  f r i t s  w e r e  p l a c e d  ab o v e  and  be low  the  c a t a l y s t  
bed ,  A t e m p e r a t u r e - c o m p e n s a t i n g  coup l ing  w a s  u s e d  to a l low  
the  r e a c t o r  to be  opened  e a s i l y  f o r  c a t a l y s t  lo a d in g  a n d  d i s c h a r g e ,  
A p r e s s u r e - t i g h t  s e a l  w a s  m a d e  w i th  a  s t e e l  O - r i n g  w h ic h  w a s  
r e p l a c e d  a f t e r  e a c h  run ,
A t h e r m o c o u p l e  w a s  p l a c e d  in s id e  the  c a t a l y s t  bed  fo r  
p r e c i s e  t e m p e r a t u r e  m e a s u r e m e n t .  I t  w a s  p a s s e d  th ro u g h  the  
r e a c t o r  w a l l  t h r o u g h  a  Conax f i t t ing .  The  t h e r m o c o u p l e  w a s  
1 /1 6 "  in  d i a m e t e r ,  and  p r o t r u d e d  1 /4 "  in to  the c a t a l y s t  bed.
The feed  l ine  e n t e r e d  the  top of the  r e a c t o r  a f t e r  m a k in g  
s e v e r a l  t u r n s  a r o u n d  the r e a c t o r .  T h i s  a d d i t i o n a l  l e n g th  of l ine  
w a s  p r o v i d e d  to i n s u r e  th a t  the f e e d  w ould  e n t e r  the  c a t a l y s t  bed  
a s  a  v a p o r  a t  the  p r o p e r  t e m p e r a t u r e .
In o r d e r  to c o n t r o l  the t e m p e r a t u r e  of the  r e a c t o r  a s  p r e ­
c i s e l y  a s  p o s s i b l e ,  the r e a c t o r  w a s  i m m e r s e d  in a  bed  of f l u id i -  
zed  s i l i c a - a l u m i n a .  Th is  f l u id iz e d  bed  w a s  h e a t e d  by  e l e c t r i c a l  
s t r i p  h e a t e r s  p l a c e d  on the o u ts id e  of the w a l l s  of the  f lu id iz in g  
v e s s e l .  F lu i d i z a t i o n  w a s  m a i n t a i n e d  w i th  a  s t e a d y  s t r e a m  of a i r  
w h ic h  e n t e r e d  a t  the  b o t to m  of the v e s s e l  th r o u g h  a  f r i t .
The g a s - p h a s e  r e a c t o r  p r o d u c t  w a s  p a s s e d  th ro u g h  a 
b a c k - p r e s s u r e  r e g u l a t o r ,  a  w a t e r  s a t u r a t o r  and  a  w e t - t e s t  m e t e r .
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E x i t  fo r
F lu id iz in g
Air
S h ea th ed
T h e r m o ­
couple
F e e d  L ine
zzzzz
R e a c t o r
IS a n d - b a th
V e s s e l
C a t a l y s t  — 
G la s s  Wool
T e m p e r a t u r e
C o m p e n s a t in g
Coupl ing
I n le t  fo r
F lu i d i z in g
A i r
P r o d u c t  L ine
P o r o u s  F r i t
F i g u r e  12. R e a c t o r  S y s t e m  in the  S a n d - b a th  V e s s e l .
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D u r in g  the  fou r  n - h e p t a n e  r u n s  and  a  few of the  n - h e x a n e  r u n s ,  
the  r e a c t o r  p r o d u c t  w a s  t a k en ,  a f t e r  p r e s s u r e  r e d u c t io n ,  to the  
p r o d u c t  v e s s e l  f o r  g a s - l i q u i d  s e p a r a t i o n  a t  3 2 °F .  The  ga s  f r o m  
th i s  s e p a r a t i o n  c o n t in u ed  on t h r o u g h  the  w a t e r  s a t u r a t i o n  and  
w e t - t e s t  m e t e r .
c. C o n ta c t in g  in  R e a c t o r
A d e t a i l e d  s tudy  of c o n ta c t in g  in  the  r e a c t o r  u s e d  in th is  
w o r k  w a s  m a d e  by B ryan t^  \  His  r e s u l t s  i n d i c a t e d  th a t  e s s e n t i ­
a l ly  p lug  flow e x i s t e d  a t  the  u s u a l  o p e r a t i n g  c o n d i t io n s  and  th a t  
P e c l e t  n u m b e r s  cou ld  be p r e d i c t e d  by u s in g  the  c o r r e l a t i o n  of 
Bischoff^ ^ \  . T he  p r e d i c t e d  P e c l e t  n u m b e r  f o r  t y p ic a l  p r o c e s s  
c o n d i t io n s  fo r  th i s  r e s e a r c h  w o r k  w a s :
C a t a l y s t  , . e — 0. 60 d^ = 0. 0028 ft.
C a t a l y s t  b e d  L  = 0. 25 ft. A = 0. 00211 ft.
F e e d  r a t e  = n C ,  r a t e  4- H r a t e  = 0. 055 l b / h r  b 2
j j ,  =  0 .  0315 I b / f t - h r  @ 5 0 0 ° F  an d  465 p s i a
Re = (0. 0028) (0. 055) /  (0. 0315) (0. 00211) = 2. 3 
P
F r o m  B i s c h o f f ' s  c o r r e l a t i o n
C L /P d  = 1 . 0  
P
P e c l e t  n u m b e r  = P  = (0. 60) (0. 25) /  (1. 0) (0. 0028) = 54
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2. A n a ly t i c a l  S y s t e m
A ll  a n a l y s e s  of the  f eed  and  p r o d u c t  s t r e a m s  w e r e  c a r r i e d  
ou t  w i th  a F & M  M o d e l  81 OR d u a l - c o l u m n  g a s  c h r o m a t o g r a p h .  A 
t e n  foo t  c o lu m n  of 2 0 % qu ino l ine  on 80% r e d  c h r o m o s o r b  (80-100 
m e s h ) ,  m a i n t a i n e d  a t  8 0 ° F ,  w a s  u s e d  fo r  the  s e p a r a t i o n  of the 
h y d r o c a r b o n  c o m p o n e n t s ,  A d e ta i l e d  d i s c u s s i o n  of th i s  s y s t e m  is  
c o n ta in ed  in A p p en d ix  B.
C. P r o c e d u r e
1. E x p e r i m e n t
The  p r o c e d u r e  u s e d  in  a l l  e x p e r i m e n t s  w a s  v e r y  s i m i l a r .  
To e x p la i n  the  d e t a i l s  of the p r o c e d u r e  a t y p i c a l  r u n  i s  s e l e c t e d ,  
n a m e l y  r u n  lOAl.  The  s t e p s  a r e  a s  fo l low s :
1) S e l e c t  c a t a l y s t  w h ic h  h a s  b e e n  s t o r e d  in s t o p p e r e d ,  
g l a s s  v i a l  in  a  d e s s i c a t e r .
2) P l a c e  c a t a l y s t  in  r e a c t o r ,  add. p i e c e  of g l a s s  wool,  
an d  s e a l  r e a c t o r  u s in g  new O - r i n g .
3) C o n n e c t  f eed  l ine  to r e a c t o r  i n l e t  and  c o n n e c t  a  s p a r e  
b lo c k  v a lv e  to r e a c t o r  outle t .
4) P r e s s u r e  t e s t  r e a c t o r  w i th  h y d r o g e n  a t  500 ps ig .
5) V en t  a l l  h y d r o g e n  f r o m  r e a c t o r  s y s t e m .
6 ) P l a c e  r e a c t o r  in  f lu id iz in g  v e s s e l  w h ic h  i s  be ing  
m a i n t a i n e d  a t  5 0 0°F .
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7) P u r g e  r e a c t o r  fo r  1 /2  h o u r  w i th  n i t r o g e n  a t  a  r a t e  of 
0. 5 f t ^ / h r .  C a t a l y s t  t e m p e r a t u r e  h a s  r e a c h e d  5 0 0 °F  
by end of n i t r o g e n  p u rg e .
8 ) D ur in g  the n i t r o g e n  p u r g e  s t e p ,  p u t  n - h e x a n e  feed  in 
feed  p u m p  an d  s e t  g e a r - t r a i n  to g ive  ~30 c c / h r  w hen  
s t a r t e d ,
9) A f t e r  n i t r o g e n  p u r g e  s t a r t  h y d r o g e n  flow a t  a  r a t e  of
0. 5 f t ^ / h r .
10) A f t e r  1 /2  h o u r  p r e s s u r e  t e s t  r e a c t o r  a g a in  w i th  
h y d r o g e n  a t  500 ps ig .
11) D e p r e s s u r e  s y s t e m ,  r e m o v e  b lo c k  v a lv e  f r o m  r e a c t o r  
ou t le t ,  and  c o n n e c t  r e a c t o r  o u t le t  to p r o d u c t  r e c o v e r y  
sec t io n .
12) B r in g  s y s t e m  p r e s s u r e  up  to 450 p s i g  w i th  hyd ro g en .
13) Set h y d r o g e n  r a t e  w i th  n e e d le  v a lv e  u s in g  the  w e t ­
t e s t  m e t e r  an d  a  s top  w a t c h  to d e t e r m i n e  the gas  r a t e .
14) S t a r t  n - h e x a n e  feed  pum p.
15) A f t e r  two h o u r s  of o p e r a t io n ,  m a k e  a  s ix  m in u te  
m a t e r i a l  b a l a n c e .
16) Take  s a m p l e  of p r o d u c t  g a s  f r o m  w e t - t e s t  m e t e r  o u t ­
l e t  f o r  a n a l y s i s  by ga s  c h r o m a t o g r a p h .
17) Change  to d e s i r e d  c o n d i t io n s  f o r  n e x t  m a t e r i a l  
b a la n c e .
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18) At end  of r u n  d i s c o n t in u e  l iqu id  feed ,  d i s c o n t in u e  gas  
f eed ,  d e p r e s s u r e  s y s t e m  and  r e m o v e  r e a c t o r  f r o m  
the r e a c t o r  s y s t e m .
2. C a l c u la t io n s
a.  Run Data
The  da ta  t a k e n  d u r in g  the  r u n  inc luded :  r e a c t o r  in le t  
p r e s s u r e ,  c a t a l y s t  b e d  t e m p e r a t u r e ,  t im e  of m a t e r i a l  b a l a n c e ,  
v o lu m e  of h y d r o g e n  fed  d u r in g  m a t e r i a l  b a l a n c e  and  v o lu m e  of 
p r o d u c t  ga s  o b ta in ed  d u r in g  m a t e r i a l  b a l a n c e .  The c a l c u l a t i o n s  
m a d e  w i th  t h e s e  da ta  a r e  g iven  in  d e t a i l  in  A ppendix  C.
b.  A n a ly t i c a l  Data
The a n a l y t i c a l  d a ta  c o n s i s t e d  of i n t e g r a t e d  a r e a s  of gas  
c h r o m a t o g r a p h  p e a k s  c o r r e s p o n d i n g  to the  v a r i o u s  h y d r o c r a b o n  
c o m p o n e n t s  in the p r o d u c t  gas .  D e ta i l ed  c a l c u l a t i o n  p r o c e d u r e  
f o r  d e t e r m i n i n g  ga s  c o m p o s i t i o n  is  g iven  in  A ppend ix  B.
D. M a t e r i a l s
1. C a t a l y s t s
The  H - m o r d e n i t e  u s e d  in th i s  w o r k  w a s  p r e p a r e d  f r o m  NH^- 
m o r d e n i t e  w h ich  w a s  o b ta in ed  f r o m  N o r to n  C o m p an y  a s  1-5  m i c r o n  
p a r t i c l e s  and  s u b s e q u e n t ly  p i l l e d  a t  E s s o  R e s e a r c h  L a b o r a t o r i e s
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in B a to n  R ouge ,  L o u i s i a n a .  The  o th e r  c a t a l y s t s  u s e d  in  th i s  
w o r k  w e r e  ob ta in ed  f r o m  E s s o  R e s e a r c h  L a b o r a t o r i e s .
The p i l l ed  N H ^ - m o r d e n i t e  w a s  f i r s t  c r u s h e d  and  s e p a ­
r a t e d  in to  v a r i o u s  s i z e  p a r t i c l e s .  T h i s  m a t e r i a l  w a s  t h e n  c o n ­
v e r t e d  f r o m  N H ^ - m o r d e n i t e  to H - m o r d e n i t e  a s  fo l lows :
1) P l a c e  c a t a l y s t  in a sha l low  g l a s s  d i s h  and  p l a c e  th i s  
in a n  oven.
2) A d ju s t  a i r  r a t e  to 1000 c c / h r  p e r  cc  of c a t a ly s t .
3) H e a t  f r o m  8 0 ° F  to 3 5 0 ° F  a t  a  r a t e  of 100 + 2 0 ° F / h r .
4) Hold t e m p e r a t u r e  a t  350 2 0 ° F  fo r  16 h o u r s .
5) I n c r e a s e  t e m p e r a t u r e  to 1000 + 2 0 ° F  a t  a  r a t e  of
100 + 2 0 ° F / h r .
6 ) Hold a t  1000 2 0 ° F  fo r  two h o u r s .
7) Cool to 4 5 0 ° F ,  t r a n s f e r  to g l a s s  v i a l s ,  s t o p p e r  the
v i a l s ,  and  p l a c e  in  a n  d e s s i c a t e r  a t  r o o m  t e m p e r a ­
tu r e .
2. L iqu id  F e e d s
All  l iqu id  f e e d s ,  n - p e n t a n e ,  n r h e x a n e ,  3 - m e t h y l p e n t a n e ,
2  - m e  thy Ip e n ta  n e , 2 , 3 - d i m e th y lb u t a n e ,  2 , 2 - d i m e th y lb u t a n e  and  
n - h e p t a n e ,  w e r e  P h i l l i p s  p u r e  g r a d e ,  99+mole%. T h e y  w e r e  no t  
f u r t h e r  p u r i f i e d  b u t  they  w e r e  s t o r e d  o v e r  13X s i e v e  e x t r u d a t e .
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3. G ases
C y l i n d e r s  of p r e p u r i f i e d  h y d r o g e n  (99. 95%) a n d  p r e p u r i ­
f i ed  n i t r o g e n  (99. 99%) w e r e  u sed .  Both  g a s e s  p a s s e d  th r o u g h  a 
b e d  of p l a t i n u m - o n - a l u m i n a  p a r t i c l e s ,  a  b e d  of 3A s iev e  and  a 
b e d  of i n d ic a t in g  D r i e r i t e .
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C H A P T E R  IV 
E X P E R I M E N T A L  R E S U L T S
A. I n t r o d u c t i o n
B r y a n t ,  a n  e a r l i e r  r e s e a r c h e r  in  the  C h e m i c a l  
E n g i n e e r i n g  D e p a r t m e n t  of L o u i s i a n a  Sta te  U n iv e r s i t y ,  
i n v e s t i g a t e d  the  i s o m e r i z a t i o n  of n o r m a l  p e n ta n e  w i th  a  
p a l l a d i u m  on h y d r o g e n - m o r d e n i t e  c a ta ly s t^^  The  r e s u l t s  
f r o m  h is  r e s e a r c h  w e r e  u s e d  a s  a  guide  in  t h i s  w o r k  an d  h is  
f ind ings  a r e  s u m m a r i z e d  h e r e .
1) No m a s s  t r a n s f e r  l i m i t a t i o n  e x i s t e d  a t  t e s t  co n d i t io n s .
2) No d i f fus io n a l  r e s i s t a n c e  e x i s t e d  in  the  m a c r o p o r e s  of 
the  p i l l e d  c a t a l y s t .  D if fus ion  w i th in  the  m i c r o p o r e s  of 
the  c r y s t a l l i n e  l a t t i c e  of the  c a t a l y s t  w a s  no t  s tud ied .
3) C a t a l y s t  a c t i v i t y  w a s  i n d e p e n d e n t  of P d  c o n te n t  and  
u n c h an g e d  if  P t  r e p l a c e d  P d  on the  c a t a l y s t .  U s ing  the 
d u a l - s i t e  t h e o r y ,  th i s  i m p l i e s  t h a t  the  r e a c t i o n  on the 
d e h y d r o g e n a t i o n - h y d r o g e n a t i o n  s i t e s  a r e  no t  r a t e  
l im i t in g .
4) C a t a l y s t  a c t i v i t y  d e c r e a s e d  a s  the  c a t a l y s t  a c id i ty  w a s  
d e c r e a s e d  by u s in g  d i f f e r e n t  c a t i o n s  in  the  c a t a ly s t .
T h u s ,  the  r e a c t i o n  on the i s o m e r i z a t i o n  s i t e s  r e p r e s e n t s
a  c o n t ro l l i n g  p a r t  of the  o v e r - a l l  r e s i s t a n c e .
42
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5). A c t iv a t io n  e n e r g y  of 55, 000 B T U / l b  m o le  w a s  c o m p a r a b l e  
to  v a lu e s  r e p o r t e d  f o r  p l a t i n u m - a l u m i n a  c a t a ly s t .
6 ) R e a c t io n  f i t  a  r e v e r s i b l e  f i r s t  o r d e r  m o d e l .
7) D a ta  w e r e  c o m p a t ib l e  w i th  d u a l - s i t e  m e c h a n i s m .
8 ) C a t a l y s t  a c t i v i t y  w a s  a n  i n v e r s e  fun c t io n  of to ta l  p r e s s u r e  
and  not of in d iv idua l  p a r t i a l  p r e s s u r e s .
The  p r e s e n t  w o r k  d e a l s  w i th  the  i s o m e r i z a t i o n  of h e x a n e s  
w i th  H - m o r d e n i t e .  The r e s u l t s  of th i s  i n v e s t i g a t i o n  a r e  d i s c u s s e d  
in  d e ta i l  in  the fo l lowing  s e c t io n s .
B. C a t a l y s t  C o m p a r i s o n
A to ta l  of fou r  d i f f e r e n t  c a t a l y s t s  w e r e  t e s t e d  a.t the s a m e  
o p e r a t i n g  cond i t ions  of 5 0 0 ° F ,  465 p s i a ,  2 v / h r - v  and  10 m o le s  
h y d r o g e n / m o l e  h y d r o c a r b o n .  T h e s e  fo u r  c a t a l y s t s  w e r e  H -  
m o r d e n i t e  with  an d  w i th o u t  P d ,  and  H - f a u j a s i t e  w i th  and  w i thou t  
P d .  T h u s ,  a  c o m p a r i s o n  w a s  m a d e  b e tw e e n  two d i f f e r e n t  c r y s t a l ­
l ine  z e o l i t e s ,  and  the  e f fe c t  of P d  w as  i n v e s t ig a te d .  The h y d r o ­
c a r b o n s  u s e d  c o n s i s t e d  of n - p e n t a n e ,  n - h e x a n e  and  n - h e p ta n e .
The o p e r a t in g  c ond i t ions  w e r e  s e l e c t e d  in o r d e r  to s tudy  
i s o m e r i z a t i o n  w i th  a  m i n i m u m  of h y d r o c r a c k i n g .  T a b le  6  (page 
4 4 ) show s  tha t ,  in g e n e r a l ,  the h y d r o c r a c k i n g  e x p e r i e n c e d  in  the  
tw e lve  r u n s  w as  v e r y  low w i th  only one ex cep t io n .  In the c a s e  of 
P d  on H - m o r d e n i t e  c a t a l y s t ,  the n - h e p t a n e  h y d r o c r a c k i n g  w a s  
a l m o s t  6 0 %.
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T a b le  6  • H y d r o c r a c k i n g  w i th  V a r i o u s  F e e d s  an d  C a t a l y s t s .
O p e ra t in g  Cond i t ions  
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
Space  V e loc i ty ,  v / h r - v  
H ^ /H y d r o c a r b o n ,  m o le  r a t i o  
Run Nos.





1 , 2 , 3 , 4
H y d r o c r a c k i n g ,  %
C a t a l y s t
n -C _
fed




H - M o r d e n i t e 0 . 8 0 . 9 4. 1
P d  on H - M o r d e n i t e 0 . 0 1. 7 57. 2
H - F a u j a s i t e 0 . 0 0 . 0 1 . 2
P d  on H - F a u j a s i t e 0 . 0 0 . 0 0 . 0
I s o m e r i z a t i o n  a s s o c i a t e d  w i th  e a c h  r u n  is  shown in  the  n e x t  tab le .
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The  i s o m e r i z a t i o n  a s s o c i a t e d  w i th  e a c h  of t h e s e  twelve  
r u n s  i s  g iven  in T a b le  7 (page  46 ). The  e f f e c t  of the  m e t a l  P d  
w i th  H - m o r d e n i t e  is  m o s t  s t r i k in g .  When n - p e n t a n e  is  i s o m e r i -  
zed ,  P d  d e p r e s s e s  the a c t i v i t y  of H - m o r d e n i t e ,  bu t  w hen  n -  
h e p tan e  is  i s o m e r i z e d ,  H - m o r d e n i t e  is  e s s e n t i a l l y  in a c t iv e  w i t h ­
ou t  Pd .  I t i s  a l s o  i m p o r t a n t  to note  the e x c e l l e n t  n - p e n ta n e  and  
n - h e x a n e  i s o m e r i z a t i o n  a c t i v i t y  of j u s t  p l a in  H - m o r d e n i t e .  Th is  
i s o m e r i z a t i o n  a c t i v i t y  of H - m o r d e n i t e  is  qu i te  unique  a m o n g  the 
a c i d i c  so l id  c a t a l y s t s .  In f a c t ,  s i l i c a - a l u m i n a  w i th o u t  a  m e t a l  
h a s  b e e n  shown to  have  v e r y  l i t t l e  p a r a f f i n  i s o m e r i z a t i o n
a c t iv i t y ' '2' 25 ).
T a b le  7 a l s o  show s  the  h i g h e r  a c t i v i t y  of m o r d e n i t e  
c a t a l y s t s  o v e r  f a u j a s i t e  c a t a l y s t s  f o r  h y d r o i s o m e r i z a t i o n  of l igh t  
p a r a f f in s .
C. S im ple  M ode l
In o r d e r  to  s tudy  the e f f e c t  of p r e s s u r e ,  t e m p e r a t u r e ,  e tc .  
on n - h e x a n e  i s o m e r i z a t i o n ,  a  s im p l i f i e d  r e a c t i o n  m o d e l  w a s  
a s s u m e d .  A s in g le  r e v e r s i b l e  f i r s t  o r d e r  r e a c t i o n  w a s  u s e d .
k
n - h e x a n e  ^  i - h e x a n e  
k '
w h e r e  i - h e x a n e  = the m i x t u r e  of Z -M P ,  3 - M P ,  2, 3 -D M B,  2, 2-DMB 
U se  of th i s  m o d e l  i m p l i e s  the fo llowing a s s u m p t i o n s :
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T a b le  7 . I s o m e r i z a t i o n  w i th  V a r i o u s  F e e d s  and  C a t a l y s t s .
O p e r a t in g  C ondi t ions
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
Space  V e loc i ty ,  v / h r - v 2
/ H y d r o c a r b o n ,  m o le  r a t i o 1 0
Run Nos. 1 , 2, 3. 4
*
R u n  R e s u l t s
P r o d u c t  i -C ^ ,  % of T o t a l  C^
n -C _ n - C , n -C_
C a t a l y s t fed fed fed
H - M o r d e n i t e 3 7 . 4 25. 6 0. 3
P d  on H - M o r d e n i t e 19 .9 25. 4 33. 6
H - F a u j a s i t e 0 . 8 0 . 2 1 . 1
P d  on H - F a u j a s i t e 1 .4 4. 9 1 2 . 8
*
H y d r o c r a c k i n g  a s s o c i a t e d  w i th  e a c h r u n  i s  show n  in p r e v i o u s table .
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1) If H - m o r d e n i t e  is  a d u a l - s i t e  c a t a l y s t ,  t h en  th e  i s o m e r i z a ­
t ion  r e a c t i o n  is  the r a t e  c o n t r o l l i n g  s tep ,
Z) A l l  fo u r  i s o m e r s  of n - h e x a n e  c an  be  r e p r e s e n t e d  by i -
(17, 22)h e x an e .  B a s e d  on the w o r k  of e a r l i e r  r e s e a r c h e r s  ’ 
th i s  is  a v a l id  a s s u m p t i o n  if the  e x t e n t  of i s o m e r i z a t i o n  i s  
s m a l l  (<30% a p p r o a c h  to e q u i l i b r iu m ) ,
3) The r a t e  c o n s t a n t s ,  k  and  k ' ,  a r e  a s s u m e d  to be  i n d e p e n ­
d en t  of the gas  p h a s e  c o m p o s i t i o n .  T h i s  a s s u m p t i o n  is  
m a d e  b e c a u s e  no i n f o r m a t i o n  w a s  a v a i l a b l e  on s u c h  f a c t o r s  
a s  d i f fus ion ,  a d s o r p t i o n ,  d e s o r p t i o n ,  e tc .
The  d e r i v a t i o n  of the  i n t e g r a t e d  e q u a t io n  fo l lo w s ,  
dN.
R a te  = r  = = k  C - k '  C. = k  (C - C . / K )  (1)dW n 1  n  1c
w h e r e  r  = g m  m o l e s  i - h e x a n e  p r o d u c e d / s e c  p e r  g m  of c a t a l y s t  
N. = g m  m o l e s  i - h e x a n e / s e c  
= g m  of c a t a l y s t  
k  = cc of to ta l  g a s / s e c  p e r  g m  of c a t a l y s t
/
k r e p r e s e n t s  f o r w a r d  r e a c t i o n  
k '  r e p r e s e n t s  r e v e r s e  r e a c t i o n  
= g m  m o l e s  n - h e x a n e / c c  of t o t a l  gas  
C. = g m  m o l e s  i - h e x a n e / c c  of to t a l  gas  
K = k / k '  = e q u i l i b r i u m  c o n s t a n t  (v a lu e s  f r o m  R idgw ay  
an d  Schoen  w e r e  used^^^^).
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s in c e  C = y N / V  n  n
C. = y. N / V  
1 1
w h e r e  y = m o le  f r a c t i o n  of n - h e x a n e  •'n
y.  = m o le  f r a c t i o n  of i - h e x a n e
1
N = g m  m o l e s  of to ta l  g a s / . s e c
V = cc  of t o t a l  g a s / s e c
e q u a t io n  ( 1 ) upon  s u b s t i t u t i o n  b e c o m e s
dN.
- j ^  = k N / V  - y.  N /V K )  (2)
C
dN.
^  = (k N /V )  (y^ - y . / K )  (3)
C
A ls o  N. = Ny. (4)
1 1
and  s in c e  N is c o n s t a n t  f o r  a n  i s o m e r i z a t i o n  r e a c t i o n
dN. = Ndy. (5)
S u b s t i tu t in g  (5) in to  (3) a n d  d iv id ing  th r o u g h  by N
5 ^  = (k/V) (y_^ - y . / K )  ( 6 )
c
S e p a r a t i n g  v a r i a b l e s  and  i n t e g r a t i n g  w i th  the  r e s t r i c t i o n  th a t  the 
f e e d  c o n s i s t s  only of n - h e x a n e  and  h y d ro g e n
yI ^ dy. kW(y^ - y . / K )  -  V ( )
C o n v e r t in g  the m o le  f r a c t i o n s  to a  h y d r o g e n - f r e e  b a s i s  by u s in g  
Y = (y) (m o les  of t o t a l  g a s / m o l e s  of h e x a n e s )  ( 8 )
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yie lds  I (9)
(Y - Y . /K )  " Vo n 1
w h e r e  Y. = m o le  f r a c t i o n  of i - h e x a n e  on  a  h y d r o g e n - f r e e  b a s i s  
Y ^  = m o le  f r a c t i o n  of n - h e x a n e  on a  h y d r o g e n - f r e e  b a s i s
Since  Y = 1 - Y. (10)n  1
/  * ' '^ c  ( n )
I dY. kW-17^  ( 12)i [> - Y i ( 1 + K ) / k ]
Since  fu g a c i ty  c o e f f i c i e n t s  of n - h e x a n e  an d  i - h e x a n e  a r e  b o th  c lo se  
un i ty
= ^  = ^  = U 3 ,
e q u i l i b r i u m
The  r e c i p r o c a l  of the  e q u i l i b r i u m  m o le  f r a c t i o n  ( h y d r o g e n - f r e e )
*
of i - h e x a n e  is  d e f ined  a s  1 /Y .  and
1 + K 1
S u b s t i tu t in g  (14) in to  (12)
y
(14)
 ^ -dY. kW
1  c
^  l - Y . / Y . "  ^O 1 1
(15)
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I n t e g r a t in g
kW








w h ic h  s t a t e s  tha t ,  a t  a  g iven  t e m p e r a t u r e ,  the  f r a c t i o n a l  a p p r o a c h  
to e q u i l i b r i u m  shou ld  be  a  fun c t io n  of only  the  v o l u m e t r i c  f low 
r a t e  of to ta l  gas .  H o w ev e r ,  t h i s  i s  c o r r e c t  only  if  k  i s  a c t u a l l y  
in d e p e n d e n t  of g a s  p h a se  c o m p o s i t io n .
D. M a s s  T r a n s f e r
A th o ro u g h  s tudy   ^  ^ had  b e e n  m a d e  on the  e f f e c t  of m a s s  
t r a n s f e r  on the o v e r a l l  i s o m e r i z a t i o n  r a t e  of n - p e n t a n e  w i th  a  
s y s t e m  and  cond i t ions  e s s e n t i a l l y  i d e n t i c a l  to t h o s e  u s e d  in the  
p r e s e n t  w o rk .  I t  w a s  c o n c lu d ed  th a t  m a s s  t r a n s f e r  w as  no t  c o n ­
t r o l l i n g .  T h e r e f o r e ,  i t  w a s  a s s u m e d  t h a t  m a s s  t r a n s f e r  w a s  not 
c o n t r o l l i n g  in th is  s tudy  of n - h e x a n e  i s o m e r i z a t i o n .
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E .  D if fu s ion
T h e  m o r d e n i t e ,  a s  ob ta in ed  f r o m  the N o r to n  Com pany ,  
c o n s i s t e d  of p a r t i c l e s  in the  1-5 m i c r o n  s i z e  r a n g e .  T h e s e  p a r t i ­
c l e s  w i l l  be r e f e r r e d  to a s  " m i c r o p a r t i c l e s .  " N ex t  the  m o r d e n i t e  
w a s  p i l l e d  a t  E s s o  R e s e a r c h  L a b o r a t o r i e s ,  and  then  c r u s h e d  and  
s i z e d  in  th i s  lab .  A to ta l  of fou r  d i f f e r e n t  s i z e  r a n g e s  of " m a c r o ­
p a r t i c l e s "  w a s  ob ta ined :  0. 0 7 -0 .  15 m m ,  0. 15-0 .  30 m m ,  0. 30 -
0. 84 m m  and  0. 8 4 -1 .  41 m m .  T h e s e  fo u r  s i z e  r a n g e s  of m o r d e ­
n i te  m a c r o p a r t i c l e s  w e r e  t e s t e d  f o r  n - h e x a n e  i s o m e r i z a t i o n  a t  
the  s t a n d a r d  o p e r a t i n g  c o n d i t io n s  of 5 0 0 ° F ,  465 p s i a ,  2 v / h r - v  
a n d  10 m o l e s  H ^ / m o l e  n - h e x a n e .  The  r e s u l t s ,  shown in Tab le  
8  (page  52 ), i n d i c a t e  no de f in i te  t r e n d  t o w a r d s  a m o r e  a c t i v e  
c a t a l y s t  a t  s m a l l e r  m a c r o p a r t i c l e  s i z e s .
T h i s  i m p l i e s  th a t  a  d i f fu s io n a l  l i m i t a t i o n  does  no t  e x i s t  in 
the  m a c r o p o r e s  of the  m a c r o p a r t i c l e s  a t  s t a n d a r d  o p e r a t i n g  c o n ­
d i t io n s .  The  m a c r o p o r e s  a r e  the  c h a n n e l s  b e tw e e n  the  m i c r o ­
p a r t i c l e s .  The  p o s s i b i l i t y  of a  d i f fu s io n a l  l i m i t a t i o n  w i th in  the 
m i c r o p a r t i c l e s  cou ld  n o t  be  d e t e r m i n e d  in t h e s e  fou r  r u n s  s in ce  
the m i c r o p a r t i c l e s  w e r e  the s a m e  in a l l  c a s e s .  If a  m i c r o p o r e  
d i f fu s io n a l  l i m i t a t i o n  e x i s t s ,  i t s  e f fe c t  wou ld  be  inc luded  in the 
o v e r a l l  r e a c t i o n  r a t e .  ^
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T a b le  8  . E f f e c t  of C a t a l y s t  P a r t i c l e  Size  on n - H e x a n e  C o n v e r s io n .
O p e ra t in g  C ond i t ions
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
Space  V e lo c i ty ,  v / h r  -V 2
H ^ / n - H e x a n e ,  m o le  r a t i o 1 0
F e e d n - H e x a n e
C a t a l y s t H - M o r d e n i t e
R un  Nos. 5 , 6 , 7 , 8
Run  R e s u l t s
C a t a l y s t  
S ize ,  m m
F e e d  R a te ,  
w / h r  -w
iCf,, k  
% of S C ,  c c / g m - s e c
0. 0 7 4 -0 .  15 2 . 18 28. 3 0. 038
0. 15 - 0 . 3 0 1. 84 2 9 . 4  0 .0 3 3
0. 30 -0.  84 2. 05 25. 6  0. 032
0. 84 - 1 .4 1 2. 17 26. 6  0, 034
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In a d d i t i o n  to m a c r o p o r e  d i f fu s io n a l  s tu d i e s  a t  s t a n d a r d  
o p e r a t i n g  c o n d i t io n s ,  s e v e r a l  r u n s  w e r e  m a d e  a t  o th e r  co n d i t io n s .  
The  r e s u l t s  of t h e s e  r u n s  a r e  c o n ta in ed  in Section  I of th i s  c h a p ­
t e r .
F .  R e v e r s i b l e  F i r s t - O r d e r  R e a c t io n
In s e c t i o n  C a  s im p le  r e a c t i o n  m o d e l  w a s  a s s u m e d .
k
n - h e x a n e  ^  i - h e x a n e  
k '
I n t e g r a t io n  of the r a t e  eq u a t io n  led  to e q u a t io n  (16)
* kW
In (1 - Y /Y  ) = - -----^  (18)
'  '  V Y. ' '
1
s in ce  W = V p ^  ( p ^ ^ / P )  M /W ^  (19)
w h e r e  W = g m  of h e x a n e / s e c  p e r  g m  of c a t a l y s t
pç, = m o l a r  d e n s i ty  of to ta l  gas
p^^= p a r t i a l  p r e s s u r e  of h e x a n e s ,  p s i a  
P  = t o t a l  p r e s s u r e ,  p s i a
M = m o l e c u l a r  w e ig h t  h e x a n e s
t h e r e f o r e
- In  (1 - Y . / Y . l  = k  p _  Mp , / P W Y . *  (20)
1 1  ( j  C D 1
A t  a c o n s t a n t  t e m p e r a t u r e ,  t o t a l  p r e s s u r e  and  h ex an e  p a r t i a l  
p r e s s u r e ,  the fo l lowing  l i n e a r  r e l a t i o n s h i p  should  e x i s t  if the 
s im p le  m o d e l  r e p r e s e n t s  a  r e v e r s i b l e  f i r s t - o r d e r  r e a c t io n .
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*
-In  (1 - Y V Y.  ) = C o n s t a n t / W  
F i g u r e  13 (page 55 ) shows  a  s t r a i g h t  l ine  r e l a t i o n s h i p  o v e r  a 
fe e d  r a t e  (W) r a n g e  of 0. 8 - 8 . 2 g m  of h e x a n e / h r  p e r  g m  of c a t a ­
ly s t .  The f o r w a r d  r a t e  c o n s t a n t ,  k, w a s  c a l c u l a t e d  fo r  e a c h  of 
the  s ix  r u n s ,  and  i t  i s  g iven  in  T ab le  9 (page 56 ). T h e  c o n ­
s t a n t s  a l l  fa l l  in a  n a r r o w  r a n g e  of 0. 031-0 .  035 c c / g m - s e c .  The 
tab le  a l s o  shows t h a t  h y d r o c r a c k i n g  is  m i n o r  (<2 %) e v e n  w i th  a  
h igh  d e g r e e  of i s o m e r i z a t i o n .  The r u n  a t  0. 78 w / h r - w  r e p r e ­
s e n t s  a  64% a p p r o a c h  to e q u i l i b r i u m .
G. E f f e c t  of T e m p e r a t u r e
The  e f fe c t  of t e m p e r a t u r e  on the o v e r a l l  i s o m e r i z a t i o n
r a t e  w a s  s tud ied  by v a r y i n g  the  t e m p e r a t u r e  in the  r a n g e  of 390-
5 0 0 °F  w h i l e  ho ld ing  a l l  o th e r  co n d i t io n s  c o n s ta n t .  F i g u r e  14(page
5 7  ) is  a n  A r r h e n i u s  type p lo t  of the  r e s u l t s .  The f o r w a r d  r a t e
c o n s t a n t  w a s  c a l c u l a t e d  by  e q u a t io n  (20). F r o m  the s lope  of th is
l ine  a n  a c t i v a t i o n  e n e r g y  of 24. 4 k c a l / g m  m o l e  i s  o b ta ined .  T h i s
(17) (32)va lue  c o m p a r e s  f a v o r a b l y  w i th  the v a l u e s  of 17. 3 , 1 9  ,
/3g\ (13)26. 6  , and 26-28  k c a l / g m  m o le  w h ic h  have  b e e n  r e p o r t e d
f o r  v a r i o u s  non z e o l i t i c  c a t a l y s t s .
The i s o m e r i z a t i o n  and  h y d r o c r a c k i n g  a s s o c i a t e d  w i th
t h e s e  r u n s  is  g iven  in T ab le  10 (page 58).
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R un  Nos.  lOA and 3B
l / ( w / h r - w ) ,  h r
F i g u r e  13. T e s t  of S im p l i f i e d  M odel  f o r  R e v e r s i b l e  F i r s t - O r d e r  
R e a c t io n .
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T a b l e  9 . In d e p e n d en c e  of R e v e r s i b l e  F i r s t - O r d e r  R e a c t i o n  R a te  
C o n s t a n t  w i th  Space  V e loc i ty .
O p e r a t in g  Cond i t ions  
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
H ^ / n - H e x a n e m o le  r a t i o 1 0
F e e d  
C a t a l y s t  
Run Nos.
n - H e x a n e  
H - M o r d e n i t e  
lOA and  13B
R u n  R e s u l t s
F e e d  R a te k P r o d u c t  i - C . C r a c k in g ,
w / h r  -w c c / g m - s e c % of t o t a l  C , m o le  %
0 . 7 8 0. 031
D
53. 6 1 .9
2 . 0 6 0. 035 28. 5 0. 5
2 , 75 0. 032 19. 7 0. 4
4. 12 0. 031 14. 0 0 . 2
5. 50 0. 031 10. 3 0 . 0
8 . 24 0. 031 6 .9 0 . 0
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R un Nos.  1 3 E -H
log ( 1 0 0 0  k)
1. 10
1 0 0 0 / T e m p . ,  1 / ° R
1. 15 1. 201. 00 1. 05
F i g u r e  14. A r r h e n i u s  P l o t  f o r  n - C , .
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T a b le  10. E f f e c t  of T e m p e r a t u r e on n - H e x a n e  C o n v e r s i o n
O p e ra t in g  C ondi t ions
P r e s s u r e ,  p s i a 465
Space  V e loc i ty ,  v / h r - v 2
H ^ / n - h e x a n e ,  m o le  r a t i o 1 0
F e e d n - H e x a n e
C a t a l y s t H - M o r d e n i t e
Run Nos. 1 3 E - H
R u n  R e s u l t s
T e m g e r a t u r e ,  k
F  c c / g m - s e c
P r o d u c t  i - C . C r a c k in g ,
% of t o t a l  C / m o le  %
390 0 .0 0 1 3
D
1 . 6 0 . 0
410 0 .0 0 2 5 2. 7 0 . 0
440 0 .0 0 5 9 6 . 2 0 . 0
500 .0 .031 26. 9 0. 5
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H, E f f e c t  of T o ta l  P r e s s u r e
In a l l  of the  e a r l i e r  s e c t i o n s  of th i s  c h a p t e r ,  the  r e a c t i o n  
r a t e  c o n s t a n t  w a s  a s s u m e d  to be  a  fu n c t io n  of t e m p e r a t u r e  only,  
and  no t  a  func t ion  of the  p a r t i a l  p r e s s u r e s  of the  g a s - p h a s e  c o m ­
p o n en ts .  T h u s ,  w i th  the  p r e s e n t  eq u a t io n
Y. -(kW / V Y . ’’')
- ^  = 1  - e "= '  ( 2 2 )
Y.
1
the  c o n v e r s i o n  of n - h e x a n e  to i - h e x a n e  w ould  be  a  fun c t io n  only 
of t e m p e r a t u r e  and  to ta l  v o l u m e t r i c  g a s  r a t e .  B a s e d  on the  r e l a ­
t io n s h ip  b e tw e e n  V and  p r e s s u r e ,  c o n v e r s i o n  would  be  p r e d i c t e d  
by  e q u a t io n  ( 2 2 ) to i n c r e a s e  w i th  i n c r e a s i n g  p r e s s u r e .
H o w ev e r ,  in Run No. 12 w h e r e  the e f f e c t  of p r e s s u r e  w as  
te s t e d ,  i t  w as  found th a t  the  a m o u n t  of i s o m e r i z a t i o n  d e c r e a s e d  
w i th  i n c r e a s i n g  p r e s s u r e .  While  i n c r e a s i n g  the p r e s s u r e  f r o m  
315 p s i a  to 665 p s i a ,  the a m o u n t  of i s o m e r i z a t i o n  d e c r e a s e d  f r o m  
36. 0% to 27. 4%. To i n t e r p r e t  th is  e f fec t ,  a d s o r p t i o n  is  now s tud ied .
A s s u m i n g  the  a p p l i c a b i l i t y  of L a n g m u i r  a d s o r p t i o n  i s o ­
t h e r m s  f o r  th is  r e v e r s i b l e  f i r s t - o r d e r  r e a c t i o n ,  the  e f fe c t  of 
p a r t i a l  p r e s s u r e s  c an  be a c c o u n te d  f o r  by  w r i t i n g  the  o b s e r v e d  
r a t e  c o n s ta n t ,  k,  a s
k  = k^^ /d  + K i P . + K ^ P n  + K ^ P n )  (23)
f o r  a  " s i n g l e  s i t e "  m e c h a n i s m ,  and
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k  = k y c  + K,p .  + (24)
fo r  a  " d u a l  s i t e "  m e c h a n i s m
w h e r e  k  = a  c o n s t a n t ,  depend ing  only on t e m p e r a t u r e  and  
c a t a l y s t  type
= a d s o r p t i o n  e q u i l i b r i u m  c o n s t a n t  fo r  i -h e x a n e
p^ = p a r t i a l  p r e s s u r e  of i - h e x a n e
= a d s o r p t i o n  e q u i l i b r i u m  c o n s t a n t  fo r  n - h e x a n e
p ^  = p a r t i a l  p r e s s u r e  of n - h e x a n e
= a d s o r p t i o n  e q u i l i b r i u m  c o n s t a n t  fo r  h y d ro g e n
p ^  = p a r t i a l  p r e s s u r e  of h y d ro g e n
A " s i n g l e - s i t e "  m e c h a n i s m  d e s c r i b e s  a  r e a c t i n g  s y s t e m  
w h e r e  a n  a d s o r b e d  m o le c u le  can  r e a c t  wh i le  on a  s ing le  a c t i v e  
s i t e ,  r e g a r d l e s s  of the  cond i t io n  of a  n e a r b y  s i t e .  A " d u a l - s i t e "  
m e c h a n i s m  d e s c r i b e s  a  r e a c t i n g  s y s t e m  w h e r e  a n  a d s o r b e d  m o l e ­
cu le  can  r e a c t  only if i t  is  on a n  a c t i v e  s i t e  t h a t  h a s  a  n e ig h b o r in g ,  
u n o c c u p ie d ,  a c t i v e  s i te .
In the  s tudy of n - p e n t a n e  i s o m e r i z a t i o n  w i th  P d  on H-  
m o r d e n i t e  c a t a l y s t  by  Bryan t^   ^ i t  w a s  conc lu d ed  th a t  a d s o r p ­
t ion  e q u i l i b r i u m  c o n s t a n t s  fo r  h y d ro g e n ,  n - p e n t a n e  and  i - p e n t a n e  
w e r e  e s s e n t i a l l y  e q u a l ,  and  th a t  the  m e c h a n i s m  w a s  d u a l - s i t e .  
I n i t i a l ly ,  in th is  p r e s e n t  w o rk ,  the  a d s o r p t i o n  e q u i l i b r i u m  c o n ­
s t a n t s  f o r  h y d ro g e n ,  n - h e x a n e ,  and  i - h e x a n e  w e r e  a s s u m e d  to be
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e q u a l  w h i le  s tu d y in g  the  r e a c t i o n  m e c h a n i s m .  The  v a l id i ty  of 
th i s  a s s u m p t i o n  i s  i n v e s t i g a t e d  in  the  n e x t  s e c t i o n  of th i s  c h a p te r .
W ith  the  a s s u m p t i o n  of e q u a l  a d s o r p t i o n  e q u i l i b r i u m  
c o n s t a n t s ,  the  e q u a t i o n  fo r  a  s i n g l e - s i t e  m e c h a n i s m  b e c o m e s
o o
w h e r e  K = K = K. = K o H 1  n
A p lo t  of (1 /k )  v s .  P  shou ld  be a  l i n e a r  r e l a t i o n s h i p  a t  a  c o n s t a n t  
t e m p e r a t u r e  w i th  a n  i n t e r c e p t  e q u a l  to ( 1 / k ^ )  and  a  s lo p e  e q u a l  to 
(K ^ /k ^ ) .  F i g u r e  15 (page  62 ) show s  th i s  r e l a t i o n s h i p  fo r  the 
s i n g l e - s i t e  m e c h a n i s m .  The i n t e r c e p t  i s  n e g a t i v e  w h ic h  i m p l i e s  
t h a t  k ^  i s  n e g a t i v e .  A n e g a t iv e  k^ i s  u n r e a l i s t i c ,  and  t h e r e f o r e ,  
th e  s i n g l e - s i g e  m e c h a n i s m  is  r e j e c t e d .
A d u a l - s i t e  m e c h a n i s m  is  now t e s t e d .  W ith  the  a s s u m p ­
t io n  of e q u a l  a d s o r p t i o n  e q u i l i b r i u m  c o n s t a n t s ,  the  e q u a t io n  f o r  a 
d u a l - s i t e  m e c h a n i s m  b e c o m e s
K
1 _ 1
Æ  / k o o
+ 0 # - ) P  (26 )
A p lo t  of (1 / / k )  v s .  P  shou ld  be a  l i n e a r  r e l a t i o n s h i p  a t  a  c o n ­
s t a n t  t e m p e r a t u r e  w i th  a n  i n t e r c e p t  e q u a l  to ( l / / k ^ )  and a  s lope  
e q u a l  to ( K ^ / / k ^ ) .  F i g u r e  16 (page  63 ) sh o w s  th i s  r e l a t i o n s h i p  
f o r  the  d u a l - s i t e  m e c h a n i s m .  T h e  d a ta  a r e  c o m p a t ib l e  w i th  the









T o t a l  P r e s s u r e ,  p s i a
800
F i g u r e  15 . T e x t  of S in g le - S i t e  Model.
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d u a l - s i t e  m e c h a n i s m .  A ro u g h  e s t i m a t e  of c a n  b e  m a d e  by-
ex ten d in g  the l ine  t h ro u g h  the  d a ta  p o in t s  to the  o r d in a t e .  The
v a lu e  f o r  k  is  ~ 2  c c / g m - s e c .  A lso ,  a  va lue  f o r  K c an  be  c a l c u -  o o
la  ted  by  d e t e r m i n i n g  the s lope  of the l ine  and  u s in g  the  va lue
d e t e r m i n e d  fo r  k  . The  va lue  f o r  K is  <^ 0, 013 p s i  \  o o ^
T he  s tudy  of the  e f f e c t  of p r e s s u r e  c o v e r e d  a r a n g e  of 
f r o m  315 p s i a  to 665 p s i a .  A t  the cond i t ions  of 5 0 0 ° F ,  2 v / h r - v  
and  1 0  m o l e s  h y d r o g e n / m o l e  n - h e x a n e ,  th is  r e p r e s e n t e d  a n  
i s o m e r i z a t i o n  r a n g e  of 42% to 25% and  a  h y d r o c r a c k i n g  r a n g e  of 
2. 1% to 0. 6 %. T h i s  is  shown in  T a b le  11 (page 65 ).
In  s u m m a r y ,  i t  is  i m p o r t a n t  to no te  the  s i g n i f i c a n c e  of 
the  a bove  f ind ings  in  r e l a t i o n  to the  c a t a l y s t  u s e d .  The  c a t a l y s t  
w a s  H - m o r d e n i t e  w i th o u t  any  m e t a l  in c lu d ed ,  an d  the  p r e s s u r e  
v a r i a b l e  d a ta  i n d i c a t e d  th a t  a  d u a l - s i t e  m e c h a n i s m  w a s  p r e f e r r e d  
o v e r  a  s i n g l e - s i t e  m e c h a n i s m .
I. E f f e c t  of P a r t i a l  P r e s s u r e
B e f o r e  d i s c u s s i n g  a  un ique  r e s u l t  w h ich  w a s  o b ta in ed  in 
t h i s  p a r t  of the o v e r a l l  s tudy , i t  is  i m p o r t a n t  to  r e - s t a t e  a  few 
p r e v i o u s  f ind ings .
1) No m a c r o p o r e  d i f fu s io n a l  l i m i t a t i o n  w a s  found w h en  
the c a t a l y s t  w a s  t e s t e d  a t  the  " s t a n d a r d  o p e r a t in g  
c o n d i t io n s "  ( 5 0 0 ° F ,  4 6 5 p s ia ,  2 v / h r - v ,  and  10 m o l e s
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T a b le  11. E f f e c t  of T o ta l  P r e s s u r e on n - H e x a n e  C o n v e r s io n .
O p e r a t i n g  C ond i t ions
T e m p e r a t u r e ,  ° F 500
Space  V e lo c i ty ,  v / h r - V 2
H ^ / n - H e x a n e ,  m o le  r a t i o 1 0
F e e d n - H e x a n e
C a t a l y s t H - M o r d e n i t e
R u n  No, 1 2
R un  R e s u l t s
P r e s s u r e , C r a c k in g ,
p s i a 1 / k 1  / / k  m o l e  %
315 1 1 . 8 3 . 4  2 .1
365 16. 1 4 . 0  1 . 4
415 20. 3 4 . 5  1 .2
465 23. 8 4. 9 0 . 7
515 29. 4 5 . 4  0 . 6
565 33. 3 5. 8  0. 6
615 40. 0 6 . 3 0 . 7
665 45. 5 6 . 7 0 . 7
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h y d r o g e n / m o l e  n - h e x a n e ) .  M i c r o p o r e  d i f fu s ion  w a s  
no t  s tu d ied .
2) A d u a l - s i t e  m e c h a n i s m  d e s c r i b e d  the  d a ta  a t  a c o n s t a n t  
h y d r o g e n / n - h e x a n e  r a t i o  p r o v i d e d  th a t  the  e q u i l i b r i u m  
a d s o r p t i o n  c o n s t a n t s  of the  c o m p o n e n t s  w e r e  a s s u m e d  
equa l .
To d e t e r m i n e  the e f f e c t  of p a r t i a l  p r e s s u r e s ,  the  h y d r o ­
g en  to  n - h e x a n e  m o l e  r a t i o  w a s  v a r i e d  f r o m  3. 2 to 58 w hi le  
ho ld ing  the to t a l  p r e s s u r e  c o n s t a n t  a t  465 p s i a .  T h i s  v a r i a b l e  
s tudy  w a s  m a d e  w i th  e a c h  of the  fo u r  d i f f e r e n t  m a c r o p a r t i c l e  
s i z e s  of c a t a l y s t  w h ic h  w e r e  m e n t io n e d  in  S e c t io n  E of th is  
c h a p t e r .
To r e p r e s e n t  the d a ta ,  the e q u a t i o n  f o r  the d u a l - s i t e
m e c h a n i s m  w a s  u s e d
k  = k^/( l+K.p .+K_^p^+K^Pj^)^  (27)
A s s u m i n g  th a t  , then  e q u a t io n  (27) b e c o m e s
k  = k ^ / [ l + K J P - p ^ ) 4 - K ^ p ^ ] ^  (28)
a n d  by expand ing
k  = (29)
a n d  by r e g r o u p i n g  a n d  tak ing  the s q u a r e  r o o t
A  = A  / [ 1 + K  P + ( K „ - K  )p ] (30)o n ri  n  n
a n d  t ak in g  the r e c i p r o c a l
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1+K P  K „ - K  1 n  , H n
Â  " I T T -  + 1Â —  Ph (311
The  da ta  w e r e  p lo t ted  a s  (1/y/k) v s  in  F i g u r e  17 (page  6 8 ).
In  the low p a r t i a l  p r e s s u r e  r a n g e  of f r o m  8  p s i a  to 42 p s i a  ( the 
l a t t e r  be ing  a t  s t a n d a r d  o p e r a t i n g  co n d i t io n s ) ,  the  d a ta  f o r  a l l  
f o u r  m a c r o p a r t i c l e  s i z e s  c an  be  r e p r e s e n t e d  by a s ing le  s t r a i g h t  
l ine  w h ic h  h a s  a s l ig h t  p o s i t i v e  s lope .  A p o s i t iv e  s lope  i n d i c a t e s  
t h a t  The d i f f e r e n c e  b e tw e e n  and  i s  s m a l l ,  bu t
a n  a c t u a l  va lue  is  n o t  c a l c u l a t e d  due to the s c a t t e r  in  the  da ta .  
T h u s ,  the  o r i g i n a l  a s s u m p t i o n  of e q u a l  a d s o r p t i o n  e q u i l i b r i u m  
c o n s t a n t s  w a s  no t  too f a r  off.
The  unique  an d  h igh ly  i n t e r e s t i n g  r e s u l t s  w e r e  o b ta in e d  a f  
the  h igh  n - h e x a n e  p a r t i a l  p r e s s u r e  of 111 p s i a .  A t  th i s  p a r t i a l  
p r e s s u r e  the t h r e e  d i f f e r e n t  m a c r o p a r t i c l e  s i z e s  de f in i te ly  
i n d ic a te  a  diffus io n a l  p r o b l e m .  In a d d i t io n ,  the  p r o d u c t  f r o m  
t h e s e  t h r e e  r u n s  c o n ta in e d  0. 2 -0 .  3 % c y c lo h e x a n e .  T h u s ,  i t  
a p p e a r s  th a t  a  d i f fu s io n a l  l i m i t a t i o n  in  the  m a c r o p o r e s  of the 
c a t a l y s t  b e c o m e s  s ig n i f i c a n t  a t  a  h y d r o g e n  to p a r a f f i n  m o le  r a t i o  
of b e tw e e n  10/1  and  3 /1 .  The  d a ta  a r e  shown in  T a b le  12 (page 
69 ).
J .  O v e r a l l  E f f e c t  of T e m p e r a t u r e  and  P r e s s u r e
E q u a t io n  (17) w a s  the o r i g i n a l  v e r s i o n  of the  i n t e g r a t e d
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l / / k




0. 30-0 .  84 m m
6
0. 15-0.  30 m m
0. 0 7 4 -0 .  15 m m5
4
3
0 30 60 90 120
Hexane  P a r t i a l  P r e s s u r e ,  p s i a
F i g u r e  17. R e a c t i o n  R a te  a s  a  F u n c t i o n  of H e x an e  P a r t i a l  
P r e s s u r e  an d  of C a t a l y s t  S ize .
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T a b le  12. R e a c t i o n  R a te  a s  a  F u n c t io n  of H exane  P a r t i a l  P r e s s u r e  
and  of C a t a l y s t  Size .
O p e r a t in g  Cond i t ions  
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
Space  V e loc i ty ,  v / h r - v  
F e e d  
C a t a l y s t  
Run Nos.
R un  R e s u l t s




n - H e x a n e  
H - M o r d e n i t e  
5, 6 , 7 ,  8
R a t e  C o n s t a n t  k,  c c / g m - s e c  
@ v a r i o u s  hexane  p a r t i a l  p r e s s u r e s
Size ,  m m 8  p s i a 16 p s i a 42 p s i a 1 1 1  p s i a
0. 074 -0 .  15 - - 0. 033 0. 038 - -
0. 15 -0.  30 -- 0. 035 0. 033 0. 027
0. 30 -0.  84 0. 037 0. 033 0. 032 0. 023
0. 84 -1. 41 0. 035 0. 034 ' 0. 034 0. 014
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f o r m  of the  r a t e  e q u a t i o n  f o r  the s i m p l e  i s o m e r i z a t i o n  m o d e l ,
Y
Y
w h e r e  k  w a s  a  fu n c t io n  of T an d  P
V w a s  a  fu n c t io n  of T an d  P
Y. w a s  a  fu n c t io n  of T an d  P  
1
*
Y. w a s  a  fu n c t io n  of T 
1
F i r s t ,  the  f u n c t io n a l  r e l a t i o n s h i p  f o r  k  is
k  = k ^ / ( l + K ^ P ) ^  (33)
In e q u a t i o n  (33), k^  i s  s t i l l  a  fu n c t io n  of T b u t  the  e x a c t  r e l a t i o n ­
sh ip  i s  n o t  known. In u s in g  K i t  w a s  a s s u m e d  t h a t  K.=K .o 1  n H
A l s o  i s  s t i l l  a  fu n c t io n  of T. S u b s t i tu t in g  e q u a t i o n  (33) in to  
e q u a t io n  (32) g ives
^ i  , - [ k  W / V Y X l + K  P ) ^ ]—  = 1 -e  o c 1  o
Y.
(34)
Second, V c a n  be  r e l a t e d  to T a n d  P  by
V = N R T / P  (35)
w h e r e  R = gas  c o n s t a n t
T = r e a c t o r  t e m p e r a t u r e ,  ° R  
E q u a t io n  (34) b e c o m e s
^ i  , - [ k  W P / N R T Y " ( 1 + K  P ) ^ ]—-  = l - e ‘- o c  1  o (36)
Y.
1
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*
L a s t ,  c a n  be  r e p r e s e n t e d  by a q u a d r a t i c  e q u a t io n  in T, b u t  
h e r e  a  l i n e a r  e q u a t i o n  w i l l  be  u s e d  to r e p r e s e n t  the  fu n c t io n a l  
r e l a t i o n s h i p  b e t w e e n  a  t e m p e r a t u r e  of 4 0 0 ° F  a n d  600°F .
Y* = A - B T  (37)
w h e r e  A = 1. 142
B = 0 ,0 0 0 3 1 5  
E q u a t io n  (36) b e c o m e s
Y. = ( A - B T )  , . e - [ ^ W ^ P / N R T ( A - B T ) ( U K ^ P ) ^ ]
T h i s  e q u a t i o n  sh o w s  th a t  the  e x t e n t  of i s o m e r i z a t i o n ,  e v e n  w hen
a  s im p le  r e a c t i o n  m o d e l  i s  a s s u m e d ,  i s  a  v e r y  e l a b o r a t e
fu n c t io n  of t e m p e r a t u r e .  In a d d i t i o n  to T a p p e a r i n g  t h r e e  t i m e s  .
in the eq u a t io n ,  b o th  k  a n d  K a r e  a l s o  fu n c t io n s  of T.o o
The  o v e r a l l  e f f e c t  of P  i s  e a s i e r  to  a n a ly z e .  By r e a r ­
r a n g i n g  e q u a t io n  (36) the  t e r m s  c o n ta in in g  P  c a n  be  c o l l e c te d
on one s ide  of the  equat ion ,
p   ^ l n ( l - Y . / Y * )
(1+K P )^  "k W / N R T y T
O O C 1
The  r i g h t  hand  s ide  of e q u a t io n  (39) r e p r e s e n t s  a p seu d o  
r e a c t i o n  r a t e  c o n s t a n t  and  i s  a f a i r l y  s i m p l e  fu n c t io n  of the 
p r e s s u r e .  T h i s  r e l a t i o n s h i p  of the p s e u d o  r e a c t i o n  r a t e  c o n s t a n t  
w i th  p r e s s u r e  i s  shown in  F i g u r e  18 (page  7 2 ) .  T h i s  c u r v e  w a s  
c a l c u l a t e d  u s in g  the  v a lu e  of 0, 013 p s i   ^ f o r  K w h ic h  w a s





Range  of p r e s s u r e  u s e d  < 
in  p r e s s u r e  v a r i a b l e  s tudy
600 8004002000
T o ta l  P r e s s u r e ,  p s i a
F i g u r e  18. P r e d i c t e d  E f f e c t  of P r e s s u r e  on  P s e u d o  R e a c t io n  
R a te  C o n s ta n t .
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d e t e r m i n e d  in S ec t io n  H of th i s  c h a p t e r  f o r  a  t e m p e r a t u r e  of 
5 0 0 ° F .  F i g u r e  18 sh o w s  th a t  a t  low p r e s s u r e s  i s o m e r i z a t i o n  
i n c r e a s e s  w i th  i n c r e a s i n g  p r e s s u r e  due to the  e f f e c t  of p r e s s u r e  
on  ho ld ing  t im e .  At  h igh  p r e s s u r e s  the  e f f e c t  of a d s o r p t i o n  on 
the  a c t i v e  s i t e s  b e c o m e s  d o m in a n t ,  and  i s o m e r i z a t i o n  d e c r e a s e s  
w i th  i n c r e a s i n g  p r e s s u r e ,
K, M e c h a n i s m  a n d  K in e t i c s  
1, I n t r o d u c t io n
In o r d e r  to  l e a r n  m o r e  a b o u t  the  m e c h a n i s m  of the 
i s o m e r i z a t i o n  of the  h e x a n e s ,  a l l  f ive of the  h e x a n e s  w e r e  
s tu d i e d  a t  s e v e r a l  l e v e l s  of c o n v e r s i o n .  The  v a r i a t i o n  in  
c o n v e r s i o n  w a s  a c c o m p l i s h e d  by  chan g in g  the  h y d r o c a r b o n  
f e e d  r a t e  w hi le  m a i n t a i n i n g  a  c o n s t a n t  t e m p e r a t u r e  (500°F ) ,  
p r e s s u r e  (465 p s i a ) ,  and  h y d r o g e n  to h y d r o c a r b o n  m o le  r a t i o  
(10 /1 ) ,  S p e c i f i c a l ly ,  the  f e e d  r a t e s  w e r e  ch an g e d  a s  fo l lows :
2, 04, 8 , 16, 5, 44,  2, 72, 4, 08,  an d  b a c k  to 2, 04 v / h r - v .  In 
R un  No, 10 fo u r  of the  five  h e x a n e s  w e r e  t e s t e d  a t  t h e s e  v a r i o u s  
f e e d  r a t e s  in the  o r d e r  of n - C , ,  2 -M F ,  3 - M P ,  2, 2 -D M B  an d
D
th e n  n - C ^  aga in .  The  r e s u l t s  w i th  n - C ^  a t  the  beg in n in g  and  
e n d  of the  r u n  w e r e  the  s a m e ,  thus  showing  th a t  no c a t a l y s t  
d e a c t i v a t i o n  o c c u r e d  d u r in g  the  ru n .  The  l e n g th  of the  r u n  w a s  
21 h o u r s .  In R u n  No. 14 2, 3 -D M B  w a s  t e s t e d  a t  the  v a r i o u s  feed
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r a t e s .  The r e s u l t s  of t h e s e  two r u n s  (10 an d  14) a r e  d i s c u s s e d
in  d e t a i l  in  the  r e l n a i n d e r  of th is  s e c t io n .
2, O v e r a l l  I s o m e r i z a t i o n  of I s o m e r i c  H e x an e s
The  o v e r a l l  i s o m e r i z a t i o n  of e a c h  of the  five  h ex an e
i s o m e r s  i s  shown in  F i g u r e  19 (page 7 5  ) f o r  e a c h  of the five
feed  r a t e s .  The  r e s u l t s  in d i c a t e  a n  o r d e r  of e a s e  of c o n v e r s i o n
of 2, 3 -D M B  > 2 - M P  > 3 - M P  > n - C ,  > 2, 2 -D M B .  T h e  s a m e
6
o r d e r  of e a s e  of c o n v e r s i o n  w a s  r e p o r t e d  by Cul l  an d  B r e n n e r
w hen  u s in g  a m e t a l - h a l i d e - s u p p o r t e d  ca ta lys t^*^^ .  E v e r i n g  and
Waugh found a n  o r d e r  of e a s e  of c o n v e r s i o n  of 3 - M P  > 2 - M P  >
2, 3 -D M B  > n - C ^  > 2, 2 -D M B  w i th  a n  a l u m i n u m  c h l o r i d e  
(22  )c a t a l y s t  . The  r e s u l t s  of C ia p e t t a  an d  H u n te r  gave  a n  o r d e r
(13)d i f f e r e n t  f r o m  the o t h e r s  . T hey  found the  o r d e r  to be
2 - M P  > n - C ^  > 2, 3 -D M B  > 2, 2 -D M B  w h e n  u s i n g  a  n i c k e l - s i l i c a -  
a l u m i n a  c a t a l y s t .  3 - M P  does  n o t  a p p e a r  in  the  c o m p a r i s o n  
b e c a u s e  i t  w a s  n o t  t e s t e d .
S u m m a r i z i n g  the  above  d a ta  o b ta in e d  w i th  s e v e r a l  d i f f e r ­
e n t  c a t a l y s t s ,  a  c o m m o n l y  a c c e p t a b l e  o r d e r  of e a s e  of c o n v e r s i o n
f o r  fo u r  of the i s o m e r s  i s  3 - M P  ~  2 - M P  > n - C  > 2, 2-DM B. The
0
r e l a t i v e  a c t i v i t y  of 2, 3 -D M B  is  g r e a t l y  in f lu e n c e d  by the s p e c i f i c  
c a t a l y s t ,  b u t  i t  i s  a lw a y s  e a s i e r  to c o n v e r t  2, 3 -D M B  than  
2, 2-DMB.
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R u n  Nos.  10 and  14
C o n v e r t e d  
H exane  s 
in





2, 3 -D M B  fed
60
2 - M P  fed
n - C .  fed
30
2, 2 -D M B  fed  _
0
0 . 1 5  0 . 3 0  0 .4 5
l / ( w / h r - w ) ,  h r
0 . 60
F i g u r e  19. C o n v e r s i o n  R a t e s  of I s o m e r i c  H e x a n e s .
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3. I s o m e r i z a t io n  of Individual  I s o m e r s
a.  n -H e x a n e
By chang ing  the  fe e d  r a t e  f r o m  8 . 24 w / h r - w  ( 8 . 16 v / h r - v )  
to  2. 06 w / h r - w  (2, 04 v / h r - v ) ,  the  i s o m e r i z a t i o n  of n - h e x a n e  w a s  
v a r i e d  f r o m  6 . 9% to 28. 5%. F i g u r e  20 (page  77) show s  th a t  
th r o u g h o u t  th is  i s o m e r i z a t i o n  r a n g e  the  i s o m e r i z e d  m a t e r i a l  in 
in  the  p r o d u c t  w a s  p r i m a r i l y  2 - M P  and  3 - M P .  T h e s e  d a ta  a r e  
a l s o  g iven  in T a b le  13 (page  78).
b.  3 -M e th y lp e n t a n e
F i g u r e  21 (page 79) r e p r e s e n t s  a n  i s o m e r i z a t i o n  r a n g e  
of f r o m  25. 8 % to 53. 2 %. A t  a l l  t e s t e d  fe e d  r a t e s ,  the i s o m e r i z e d  
m a t e r i a l  in  the p r o d u c t  c o n s i s t e d  of o v e r  70% 2 - M P .  T h i s  h igh  
v a lu e  i n d i c a t e s  a  r e l a t i v e l y  f a s t  c o n v e r s i o n  of 3 - M P  to 2 -M P .
The  da ta  a r e  show n  in  T a b le  14 (page  80).
c. 2 -M e th y lp e n ta n e
F i g u r e  22 (page  81) show s  a n  i s o m e r i z a t i o n  r a n g e  of 
f r o m  30. 1% to 50. 5%. A t  a l l  t e s t e d  fe e d  r a t e s ,  the  i s o m e r i z e d  
m a t e r i a l  in the p r o d u c t  c o n s i s t e d  of o v e r  60% 3 - M P .  The 
r e a c t i o n  of 3 -M P î i  2 - M P  a p p e a r s  to be the f a s t e s t  r e a c t i o n  in 
the  i s o m e r i z a t i o n  of h e x a n e s .  The i s o m e r i z a t i o n  of b o th  2 - M P  
an d  3 - M P  is  qu i te  s i m i l a r  w i th  r e s p e c t  to  the  p r o d u c t i o n  of n - C ^ ,  
2, 3 -D M B  and  2, 2 -D M B.  T a b le  15 (page  82) l i s t s  the  a c t u a l
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Run No, lOA
H exane  s 
in









2, 3 -D M B
2 70
0 . 1 0 . 2 0. 3 0. 4 0. 50
1 / ( w / h r - w ) ,  h r
F i g u r e  20 .  I s o m e r i z a t i o n  of n - C ^  a t  V a r i o u s  F e e d  R a t e s .
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T a b le  13. I s o m e r i z a t i o n  of n - C ^  a t  V a r i o u s  F e e d  R a t e s .
O p e r a t in g  C ond i t ions
T e m p e r a t u r e ,  ° F
P r e s s u r e ,  p s i a
H / n - C , ,  m o le  r a t i o  
Ù  o
F e e d  
C a t a l y s t  
R un  No.
R u n  R e s u l t s




n - C ^
H - M o r d e n i t e
lOA
H e x a n e s  in P r o d u c t ,  % of SC^
w / h r - w n - C , 3 - M P 2 - M P 2, 3 -D M B 2, 2-DM B
2 . 06
" o
71. 5 8 . 5 1 2 . 6 3. 5 3. 9
2. 75 80. 4 5. 8 8 . 7 2. 5 2 . 6
4. 12 8 6 . 0 4. 1 6 . 3 1 . 8 1 . 8
5. 50 89. 7 3. 0 4. 7 1. 3 1. 3
8 , 24 93. 1 2 . 1 3. 2 0 . 8 0 . 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
79
H exane  s 
in
P r o d u c t ,
%
of EC,












- 1 I i n
0 ,1  0 . 2  0 . 3  0 . 4  0 . 5
1 / ( w / h r - w ) ,  h r
F i g u r e  21 .  I s o m e r i z a t i o n  of 3 - M P  a t  V a r i o u s  F e e d  R a t e s .
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T a b le  14. I s o m e r i z a t i o n  of 3 - M P  a t  V a r i o u s  F e e d  R a t e s .
O p e r a t in g  C ond i t ions
T e m p e r a t u r e ,  ° F 500
P r e s s u r e , p s i a 465
H ^ / S - M P , m o le  r a t i o 1 0
F e e d 3 - M P
C a t a l y s t H - M o r d e n i t e
Run  No. IOC
R un  R e s u l t s
F e e d  R a t e , H e x an e s in P r o d u c t ,  % of ZCg
w / h r  -w n - C .  
4. 3
3 - M P 2 - M P  2, 3 -D M B  2, 2 -D M B
2 . 06 46. 8 3 7 . 3  9 . 9  1 .7
2 .7 5 3. 3 50. 2 3 6 . 2  9 . 0  1 .3
4. 12 2. 5 58. 5 3 0 . 5  7 . 7  0 . 8
5. 50 2 . 1 64. 7 2 5 . 8  6 . 7  0 .7
8 . 24 1. 5 74. 2 18. 5 5 . 3  0 . 5




2 - M P
3 - M P30
25 80
20 70
H e x a n e s
in
P r o d u c t ,
of I C 6
2 , 3 -D M B
n - C
40
2.  2 -D M B
0 0. 3 0. 40 . 1 0 . 2 0. 5
1 / ( w / h r - w ) ,  h r
F i g u r e  22 .  I s o m e r i z a t i o n  of 2 - M P  a t  V a r i o u s  F e e d  R a t e s .
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T a b le  15.  I s o m e r i z a t i o n  of 2 - M P  a t  V a r i o u s  F e e d  R a t e s .
O p e r a t in g  C ond i t ions  
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
H ^ / Z - M P ,  m o le  r a t i o  
F e e d  
C a t a l y s t  
R un  No,
R un  R e s u l t s




2 - M P
H - M o r d e n i t e
lOB
H e x a n e s  in  P r o d u c t ,  % of £0=
/ h r  - w n - C 6 3 - M P 2 - M P 2, 3 -D M B 2, 2 -D M B
2 . 06 6 . 5 31. 2 49. 5 1 0 . 9 1. 9
2. 75 4. 0 31. 6 52. 6 1 0 .4 1. 4
4. 12 2 . 9 30. 6 56. 1 9. 3 1 . 1
5. 50 2 . 0 28. 8 59. 7 8 . 6 0 . 9
8 . 24 1. 3 2 0 . 8 69. 9 7. 5 0. 5
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hex an e  p r o d u c t  c o m p o s i t i o n  a t  the  five  d i f f e r e n t  f e e d  r a t e s  w hich  
w e r e  u s e d  in th is  p a r t  of r u n  1 0 ,
d. 2, 3 - D im e th y lb u ta n e
F i g u r e  23 (page 84) shows the v e r y  r a p i d  c o n v e r s i o n  of 
2, 3-DM B. E v e n  a t  the  h i g h e s t  f e e d  r a t e  of 7. 84 w / h r - w ,  a l m o s t  
70% of 2, 3 -D M B w a s  i s o m e r i z e d .  T h i s  i s o m e r i z a t i o n  w a s  p r e ­
d o m in a te ly  to the 2 - M P  and  3 - M P .  The  n u m e r i c a l  r e s u l t s  and  
r u n  co n d i t io n s  a r e  g iven  in  T ab le  16 (page  85).
e.  2, 2 -D im e th y lb u ta n e
The  c o n v e r s i o n  of 2, 2 -D M B  is  the  s l o w e s t  of a l l  f ive 
h ex an e  i s o m e r s .  E v e n  a t  the l o w e s t  f e e d  r a t e  only 5. 7% i s o m ­
e r i z a t i o n  o c c u r r e d .  Th is  e x t r e m e  s t a b i l i t y  of 2, 2 -D M B  h a s  b e en  
r e p o r t e d  by  s e v e r a l  r e s e a r c h e r s .  F i g u r e  24 (page  8 6 ) a n d  Tab le  
17 (page 87) show the  r e s u l t s  f r o m  the 2, 2 -D M B  r u n s .
4. S im ple  One Step M odel
In s e c t i o n  C of th i s  c h a p te r  a  s i m p l e  one s t e p  m o d e l  w as  
d e v e lo p ed  and  u sed .
k
. n - h e x a n e  ^  i - h e x a n e  
k '
T h i s  m o d e l  w a s  u s e d  to d e t e r m i n e  the e f f e c t  of t e m p e r a t u r e ,  
p r e s s u r e ,  e tc .  on the  i s o m e r i z a t i o n  of n - h e x a n e .  T h i s  s im p le  
one s t e p  m o d e l  w a s  t e s t e d  to s e e  how w e l l  i t  cou ld  r e p r e s e n t  the 
d a ta  f r o m  a l l  f ive  h ex an e  i s o m e r s .
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R un  No, 14 100




H exane  s 
in
P r o d u c t ,
3 - M P30 40
of LC 6
20 25
2. 2 -D M B
0. 30 0 . 600 0. 15 0. 45
1 / ( w / h r - w ) ,  h r
F i g u r e  23. I s o m e r i z a t i o n  of 2, 3 -D M B  a t  V a r i o u s  F e e d  R a t e s .
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T a b le  16.  I s o m e r i z a t i o n  of 2, 3 -D M B  a t  V a r i o u s  F e e d  R a t e s .
O p e r a t in g  C ond i t ions
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
H ^ / 2 ,  3 -D M B ,  m o le  r a t i o  10
F e e d 2, 3 -D M B
C a t a l y s t H - M o r d e n i t e
R un  No. 14
R u n  R e s u l t s
F e e d  R a t e , H e x a n e s  in  P r o d u c t ,  % of SCf,
w / h r - w  n - C , 3 - M P  2 - M P  2 , 3 -D M B  2, 2-DM B
" ....  D
1 .9 6  7 . 0 2 8 . 8  4 8 . 7  11 .1 4 . 4
2 .6 1  4 . 6 2 9 .7  5 1 . 6  1 0 .7 3 . 4
3 . 9 2  2 . 5 2 8 . 6  5 5 .9  11. 1 1 .9
5 .2 2  1 .7 2 5 . 3  5 4 .7  16 .7 1 . 6
7 . 8 4  0 . 8 1 9 .3  4 8 . 4  3 0 .7 o :  8
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H exane  s 
in
P r o d u c t ,
%
of EC,
R un  No. lOD 100
2, 2 -D M B
2 . 0
2 - M P





0. 50. 3 0. 40 . 20 . 10
1 / ( w / h r - w ) ,  h r
F i g u r e  24. I s o m e r i z a t i o n  of 2, 2 -D M B  a t  V a r i o u s  F e e d  R a t e s .
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T a b le  17.  I s o m e r i z a t i o n  of 2, 2 -D M B  a t  V a r i o u s  F e e d  R a t e s .
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O p e r a t in g  C ond i t ions  
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
H ^ /2 ,  2 -D M B ,  m o le  r a t i o  
F e e d  





2, 2 -D M B
H - M o r d e n i t e
lOD
R un  R e s u l t s
F e e d  R a t e , H e x a n e s  in  P r o d u c t ,  % of I^Cp
w / h r  -w n - C . 3 - M P 2 - M P 2, 3 -D M B 2, 2 -D M B
2 . 06
0
0 . 9 1. 7 1 .9 1 . 2 94. 3
2 . 7 5 0. 7 1 . 2 1 . 4 0 . 9 95. 8
4. 12 0. 4 0 . 8 0 . 9 0 . 6 97. 3
5. 50 0. 3 0 . 6 0. 7 0 . 4 98. 0
8 . 24 0 . 2 0. 4 0. 5 0. 3 9 8 . 6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
88
By m a k in g  u s e  of the e q u i l i b r i u m  d a ta  of R idgw ay  and
S c h o e n ^ i t  is  p o s s i b l e  to r e l a t e  k  w i th  k '
* *
kY = k 'Y .  n  1
*
w h e r e  Y^ = e q u i l i b r i u m  m o le  f r a c t i o n  of n - h e x a n e
(40)
= 0. 163 a t  500 F
Y = e q u i l i b r i u m  m o le  f r a c t i o n  of i - h e x a n e  n
= 0. 837 a t  50 0 °F
T h e r e f o r e  k  = (0, 8 3 8 /0 .  163)k'  = 5 .1 3 k ' (41)
The r a t e  eq u a t io n  is  
dr  = - —  Y = kY - k 'Y .d t n  n  1 (42)
By s u b s t i t u t in g  k = 5. 13k'  and  Y^ = 1-Y ^
e q u a t io n  (42) b e c o m e s  
d Y = 5 .  13k'  Y - k ' ( l - Y  ) d t  n n  n (43)
o r
^  Y = 6 . 13k'  Y - k '  d t  n  n (44)
T h e r e f o r e
k '  = - ^  Y / ( 6 . 13 Y -1) d t  n n (45)
To so lve  th is  e q u a t io n  d a ta  w e r e  ta k en  f r o m  F i g u r e s  2 0 -2 4  (pages
77, 79.  81, 84 and  8 6 ) and  f r o m  T a b l e s  13-17 (pages  78, 80, 82,
85 and  87). The v a lu e  of - Y w a s  d e t e r m i n e d  f r o m  thedt n
f i g u r e s  and the v a lu e  of Y w a s  tak en  f r o m  the t a b l e s .  F o r  e ac hn
of the  five  d i f f e r e n t  f e e d s ,  the  d a ta  w e r e  u s e d  a t  the  fou r  h ig h e s t
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fe e d  r a t e s  ( s h o r t e s t  c o n t a c t  t i m e s ) .  The c a l c u l a t e d  v a lu e s  of k '  
(hr  a r e  shown be low fo r  e a c h  of the  f ive  f e e d s  a t  e a c h  of the  
fo u r  feed  r a t e s .
n - C ^ 3 - M P 2 - M P 2, 3 -D M B 2, 2 -D M B
0 . 1 2 0 . 0 9 0. 15 0 . 2 2 0 . 0 2
0 . 1 2 0 . 09 0. 13 0. 17 0 . 0 2
0 . 1 1 0 . 0 9 0. 13 0. 13 0 . 0 2
0 . 1 1 0 . 09 0 . 1 2 0 . 1 1 0 . 0 2
Avg. 0 . 1 2 0 . 0 9 0. 13 0 . 16 0 . 0 2
T h e  a g r e e m e n t  of the c a l c u l a t e d  v a lu e s  of k '  is  f a i r l y  
good w i th  the  e x c e p t io n  of the  r e s u l t  w h en  u s in g  2, 2 -D M B.  The 
low va lue  of k '  = 0. 02 w i th  2, 2 -D M B  f e e d  s u g g e s t s  a  s e p a r a t e  
s t e p  in the  r e a c t i o n  m e c h a n i s m  to h a n d le  2, 2 -D M B.  T h i s  two 
s t e p  m e c h a n i s m  w i l l  be  s tu d ie d  in the  n e x t  s ec t io n .
If the  r e s u l t  f r o m  2, 2 -D M B  i s  e x c lu d e d  an d  the  o th e r  
fo u r  v a lu e s  of k '  a r e  a v e r a g e d ,  th e n  k '  h a s  a  va lue  of 0. 13. The 
s i m p l e  one s t e p  m o d e l  w ould  be 
0 .6 7
n - h e x a n e  ^  i - h e x a n e  
0. 13
5. Two Step M odel
The  p r e v i o u s  r e s u l t s  i n d i c a t e d  th a t  2, 2 -D M B  n e e d e d  to 
b e  h a n d le d  w i th  a  s e p a r a t e  r e a c t i o n  s tep .  Now a two s t e p  m o d e l
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i s  d e v e lo p e d
^1 ^3n - h e x a n e  ^  M .  ^  2 , 2 -D M B
*'2 *^ 4
w h e r e  M = 3 - M P  + 2 - M P  + 2, 3 -D M B
k j ,  k^i  k^  and  k^  a r e  r e a c t i o n  r a t e  c o n s t a n t s  
The  te ch n iq u e  u s e d  to so lv e  f o r  e a c h  of the  fou r  r e a c t i o n  r a t e  
c o n s t a n t s  is  the  s a m e  a s  w a s  u s e d  w i th  the s im p le  one s t e p  
m o d e l .  F i r s t  the  e q u i l i b r i u m  d a ta  a r e  u s e d
(46)
*
w h e r e  = e q u i l i b r i u m  m o le  f r a c t i o n  of M
= 0. 620 a t  5 0 0 ° F
T h e r e f o r e
and
k j  = (0, 6 2 0 /0 .  163)k^ = 3. 80k
^3^M  ^4^22D M B
w h e r e  ^^Z D M B  ~ e q u i l i b r i u m  m o le  f r a c t i o n  of 2, 2 -D M B
= 0. 217 a t  500 F
T h e r e f o r e
k ^  = (0. 2 1 7 /0 .  620)k  = 0. 35k
One of the  r a t e  e q u a t i o n s  is
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By s u b s t i t u t i n g  = 3. 80 
e q u a t io n  (50) b e c o m e s  
d
d t  = =“• (51)
o r
= V
F i g u r e s  2 0 -24  and  T a b l e s  13-17 a r e  u s e d  a s  b e f o r e ,  and  the
c a l c u l a t e d  v a lu e s  of k^  (h r  ^) a r e  shown be low  fo r
fe e d s .
n - C b 3 - M P 2 - M P 2, 3 -D M B 2, 2 -D M B
0. 17 0 . 09 0. 14 0 . 2 1 2. 4
0 . 16 0 . 08 0. 13 0 . 16 2. 4
0. 15 0 . 09 0 . 1 2 0. 13 3. 2
0. 15 0 . 09 0 . 1 2 0 . 1 1 4. 7
avg. 0 . 16 0 . 09 0. 13 0 . 15 3. 2
The  a g r e e m e n t  of the  c a l c u l a t e d  v a l u e s  of k ^  i s  f a i r l y  good w i th  
the  e x c e p t io n  of the  r e s u l t  w hen  u s i n g  2, 2 -D M B. In the one 
s t e p  m o d e l  2, 2 -D M B  gave  too low a v a lu e  f o r  k '  and  now 2, 2 -D M B  
g iv es  too high  a  v a lu e  f o r  k^ .  T h i s  i n d i c a t e s  t h a t  s o m e  o th e r  
m o d e l  shou ld  be s tu d ie d .  By ex c lu d in g  the  r e s u l t  w i th  2, 2 -D M B ,  
the  a v e r a g e  of the  o t h e r  fo u r  v a l u e s  g iv e s  a  v a lu e  of k^ = 0. 13.
A va lue  f o r  k ,  c a n  be c a l c u l a t e d  in  a  s i m i l a r  m a n n e r .4
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A n o th e r  r a t e  eq u a t io n  is  
d
d t  ^ 2 2 D M B  ^ 4 ^ 2 2 D M B  " (53)
w h e r e  ^ 2 2 D M B  ” f r a c t i o n  of 2, 2 -D M B  on a  h y d r o g e n - f r e e
b a s i s
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By s u b s t i t u t in g  = 0. 35k^ f r o m  e q u a t io n  (49), 
e q u a t io n  (53) b e c o m e s
■ "dt ^ 2 2 D M B  ^ 4 ^ 2 2 D M B  ' (54)
o r
^4  ■ dt  ^ 2 2 D M B ^ ^ ^ 2 2 DMB '
F i g u r e s  2 0 -24  and  T a b l e s  13-17 a r e  u s e d  a s  b e f o r e ,  and  the
-1
c a l c u l a t e d  v a lu e s  of k ^  (h r  ) a r e  shown b e lo w  f o r  e a c h  of the 
f e e d s .
n - C ,  3 - M P  2 - M P  2, 3 -D M B  2, 2 -D M B  o
2. 3 0 . 1 0. 14 0 . 2 9 0 . 1 2
3 . 0 0 . 1 0. 13 0. 24 0 . 1 2
2 . 6 0 . 1 0. 13 0 . 2 2 0 . 1 2
5. 8 0 . 1 0. 13 0 . 1 9 0 . 1 2
Avg. 3. 4 0 . 1 0. 13 0. 24 0 . 1 2
The v a lu e  of k . ca  4 c u la t e d  f r o m n - C ^  d a ta is  s i z e
th a n  the  o t h e r s .  E x c l u s i o n  of th is  va lue  g iv e s  a n  a v e r a g e  k^  of 
0. 15.
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B a s e d  on the  bu lk  of the  da ta  the  two s t e p  m o d e l  w ou ld  be
0 . 4 9  0 .0 5
n - h e x a n e  M ^  2, 2 -D M B
0. 13 0. 15
A c tu a l ly  the  two s t ep  m o d e l  i s  no t  m u c h  of a n  i m p r o v e ­
m e n t  o v e r  the s i m p l e  one s t e p  m o d e l .  The  two s t e p  m o d e l  f a i l s  
to  hand le  2, 2 -D M B  w hen  d e t e r m i n i n g  and  f a i l s  to han d le  n - C ^  
w h e n  c a l c u l a t i n g  k^.  B e c a u s e  of th is  i n a d e q u a c y  in  the  two s tep  
m o d e l ,  a  t h r e e  s t e p  m o d e l  is  now t r i e d .
6 . T h r e e  Step M odel
n - h e x a n e  Ç 2, 2 -D M Bk
6
M
T h is  p a r t i c u l a r  m o d e l  w a s  s e l e c t e d  b e c a u s e  i t  w a s  
e q u iv a l e n t  to the  two s t e p  m o d e l  w i th  k^ and  k ^  a d d e d  to he lp  
c o r r e c t  the  p r o b l e m  w h ic h  e x i s t e d  w i th  n - h e x a n e  and  2, 2 -D M B.
To so lve  f o r  the  s ix  r e a c t i o n  r a t e  c o n s t a n t s  f i r s t  the  e q u i l i b r i u m
d a ta  a r e  used .
k^ = (0. 6 2 0 /0 .  163)k2 = 3. 80k^ (57)
S^M  " V22DM B
k^ = (0 . 2 1 7 /0 .  620)k^ = 0. 35k^ (59)
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^ 6 ^ 2 2 DMB
k .  = (0. 2 1 7 /0 .  1 6 3 ) k =  1. 33k ,  (61)b b o
One of the  r a t e  e q u a t io n s  is
= + V n  - '  V z Z D M B
By s u b s t i t u t in g  k^ = 3. 80k^ an d  k^ = 1. 33k^ e q u a t io n  (62) b e c o m e s
- ‘' Z ^ M  + ' '  '  ’'b '^ZZDMB (63)
an d  by  c o l l e c t in g  t e r m s
= 80Y_^-Yj^)  + k ^ d .  3 3 Y ^ - Y , , ^ ^ g )  (64)
T h i s  eq u a t io n  h a s  two unknow ns ,  k^  an d  k^.  To  so lve  f o r  t h e s e  
two unknowns  i t  is  n e c e s s a r y  to u s e  two s e t s  of d a ta .  One s e t  of 
d a ta  w a s  ta k en  f r o m  the  o p e r a t i o n  w i th  n - h e x a n e  a s  the  f e e d  and  
the  o th e r  s e t  of d a ta  w a s  t a k e n  f r o m  the  o p e r a t i o n  w i th  one of 
the  i s o m e r s  of n - h e x a n e  a t  the  s a m e  f e e d  r a t e .  A to t a l  of 16 
v a lu e s  of k^  and  k^ w e r e  c a l c u l a t e d  by  p a i r i n g  n - h e x a n e  w i th  
e a c h  of the  fou r  i s o m e r s  of n - h e x a n e  a t  e a c h  of the  fo u r  d i f f e r e n t  
f eed  r a t e s .  The d a ta  w e r e  t a k e n  f r o m  F i g u r e s  2 0 -2 4  and  T a b l e s  
13-17. F i r s t  the  v a l u e s  f o r  k^  (h r  ^) a r e  g iven  w h e n  u s in g  e a c h  
of the  fo u r  i s o m e r s  of n - h e x a n e  a s  the  f e e d  a t  the  fo u r  d i f f e r e n t  
f e e d  r a t e s .
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3 - M P 2 - M P 2, 3 -D M B 2, 2 -D M B
0 . 0 9 0. 14 0 , 16 0 . 16
0 . 09 0. 13 0. 13 0. 15
0 . 0 9 0 . 1 2 0 . 1 2 0. 14
0 . 0 9 0 . 1 2 0 . 1 0 0. 14
Avg. 0. 09 0. 13 0. 13 0. 15
The  v a lu e s  of k ,  (hr  ^o ) a r e
3 - M P 2 - M P 2, 3 -D M B 2, 2 -D M B
0 . 1 9 0. 07 0 . 06 0 . 1 1
0 . 18 0. 07 0 . 08 0 . 1 0
0. 17 0 . 08 0 . 1 0 0 . 1 0
0. 15 0 . 08 0 . 1 2 0 . 1 0
Avg. 0. 17 0 . 08 0 .0 9 0 . 1 0
The  a g r e e m e n t  fo r  bo th  r a t e c o n s t a n t s , k^  and  k^,  i s  s a t i s f a c t o r y
a m o n g  the d i f f e r e n t  f e e d s .  The o v e r a l l a v e r a g e  v a lu e  of k^  is
0 . 1 3  and  k .  is  0 .1 1 .  
0
To e v a lu a te  k^ 4 i t  is  n e c e s s a r y  to u s e  a n o t h e r  r a t e
equa t ion . •
M ■*' ^3 ■  ^4 ^Z 2 D M B
By s u b s t i t u t in g  k^ = 3. 80k^ and  k^ = 0. 35k^ eq u a t io n  (65) b e c o m e s
M ■ 80k^Y + 0. 2  n - V Z 2 DMB<“ >
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an d  by  c o l l e c t i n g  t e r m s
The  v a lu e  fo r  the  r e a c t i o n  r a t e  c o n s t a n t  i s  d e t e r m i n e d  in  the4
s a m e  w ay  th a t  k_ and  k ,  w e r e  d e t e r m i n e d .  T h e  v a l u e s  of k ,  ^ 2 6  4
- 1
(h r  ) a r e  g iven  w h e n  u s in g  e a c h  of the  fou r  i s o m e r s  of n - h e x a n e  
a s  the  f e e d  a t  the  fo u r  d i f f e r e n t  f e e d  r a t e s .
3 - M P  2 - P M  2, 3 -D M B  2, 2 -D M B
0 . 09 0. 13 0. 25 0 . 1 1
0 . 09 0. 13 0. 23 0 . 1 0
0 . 1 0 0. 13 0 . 2 1 0 . 1 0
0 . 1 0 0 . 1 2 0 . 2 0 0 . 1 0
0 . 1 0 0. 13 0 . 2 2 0 . 1 0Avg.
The  o v e r a l l  a v e r a g e  v a lu e  of k ^  is  0. 14.
T h u s ,  the  t h r e e  s t e p  m o d e l  w ou ld  be
2, 2 -D M Bn - h e x a n e
0 . 49 0. 05
0. 13 0. 14
T h i s  t h r e e  s t e p  m o d e l  d o es  no t  n e c e s s a r i l y  r e p r e s e n t  
the  a c t u a l  r e a c t i o n  m e c h a n i s m ;  i t  s i m p l y  sh o w s  a  w a y  in w h ic h  
the  d a ta  c an  be  h a n d led .  One un ique  f e a t u r e  of th i s  m o d e l  is  the 
r e a c t i o n  p a th  of n - h e x a n e  ^  2, 2 -D M B .  O th e r  r e s e a r c h e r s  have
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
97
n o t  shown th i s  p a th  to e x i s t .  In S ec t ion  K 8  of th i s  c h a p t e r  the 
v a r i o u s  m o d e l s  by  o t h e r  r e s e a r c h e r s  w i l l  be  c o m p a r e d .
7. M ode l  B a s e d  on P r i m a r y  P r o d u c t s
One m e th o d  of d e t e r m i n i n g  the  r e a c t i o n  m e c h a n i s m  is  to 
find the p r i m a r y  p r o d u c t s  w h ic h  r e s u l t  w h e n  e a c h  of the  five 
i s o m e r i c  h e x a n e s  a r e  c o n v e r t e d .  The  d a ta  f r o m  T a b l e s  13-17 
a r e  p lo t te d  in  F i g u r e s  25-29  (p ag es  98 -1 0 2 )  f o r  e a c h  of the five 
i s o m e r i c  h e x a n e s  a c c o r d i n g  to the m e th o d  of S c h n e id e r  and  
F r o l i c h ^ ^ ^ \  In th i s  m e th o d  the  d i s t r i b u t i o n  of the  fou r  f o r m e d  
i s o m e r s  in  the i s o m e r i z e d  p o r t i o n  of the p r o d u c t  a r e  p lo t te d  
a g a i n s t  the  o v e r a l l  i s o m e r i z a t i o n  of the  f e e d  i s o m e r  a t  the  v a r i o u s  
f eed  r a t e s .  By e x t r a p o l a t i n g  the  r e s u l t i n g  l i n e s  b a c k  to 0% 
c o n v e r s i o n  of the feed  i s o m e r ,  a  p r i m a r y  p r o d u c t  i s  in d i c a t e d  
w h e n  the  y - a x i s  i s  i n t e r c e p t e d  a t  a p o s i t i v e  v a lu e  and  a  s e c o n d a r y  
p r o d u c t  is  i n d i c a t e d  w h e n  the y - a x i s  i s  i n t e r c e p t e d  a t  a n e g a t iv e  
v a lu e .  The  c o n c lu s io n s  f r o m  t h e s e  f i g u r e s  a r e  g iven  be low:
F i g u r e  F e e d  I s o m e r  P r i m a r y  P r o d u c t  S e c o n d a r y  P r o d u c t
25 " - ^ 6 . A l l  f o u r  ■ None
26 3 - M P All  fou r None
27 2 - M P 3 - M P ,  2, 3 -D M B n - C , ,  2, 2 -D M B  b
28 2, 3 -D M B 3 - M P ,  2 - M P n - C , ,  2, 2 -D M B b
29 2, 2 -D M B A ll  fo u r None
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Run  No. lOA
60
40
H e x a n e s
in
P r o d u c t ,
% of 
C o n v e r t e d  
H e x a n e s
20
A
V —J “T ? _Tv/TP
r
rq r 1 . rq 3-]VIF)t—
" I J " L J -L-. k— —L
2, 2 -D M B
n
-PT—< — c k— U
M — 3 -
6 ,  J  - I V I V I D
10 20 30
n - H e x a n e  C o n v e r s i o n ,  %
F i g u r e  25. P r o d u c t  D i s t r i b u t i o n  fo r  n - C ^  I s o m e r i z a t i o n
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R u n  No. IOC
H e x a n e s  
in
P r o d u c t ,
% of 
C o n v e r t e d  
H exane  s
90
2 - M P
6 0
30
j— o  2, 3 -D M B
n - C
60402 00
3 - M P  C o n v e r s i o n  %
F i g u r e  26. P r o d u c t  D i s t r i b u t i o n  f o r  3 - M P  I s o m e r i z a t i o n .
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H e x a n e s
in
P r o d u c t ,
% of 
C o n v e r t e d  
H e x a n e s
Run No. lOB
90
3 - M P
6 0
30
2, 3 -D M B
n - C
2, 2 -D M B
20 40 60
2 - M P  C o n v e r s i o n ,  %.
F i g u r e  27. P r o d u c t  D i s t r i b u t i o n  fo r  2 - M P  I s o m e r i z a t i o n .
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R u n  No. 14
90
6 0
H e x an e s
in
P r o d u c t ,
% of 
C o n v e r t e d  







3 - M P  _
r f f -
n - C 6  _
[ w
- n - i - i - -
2, 2 -D M B
30 60 90
2, 3 -D M B  C o n v e r s i o n ,  %
F i g u r e  28. P r o d u c t  D i s t r i b u t i o n  fo r  2, 3 - D M B  I s o m e r i z a t i o n .
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R un No. lOD
40
H e x a n e s
in
P r o d u c t ,
% of 
C o n v e r t e d  
H e x a n e s
2 - M P
3 - M P




2, 2 -D M B  C o n v e r s i o n ,  %
F i g u r e  29. P r o d u c t  D i s t r i b u t i o n  fo r  2, 2 -D M B  I s o m e r i z a t i o n .
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T he  r e s u l t i n g  m o d e l  is
103
n - C 2, 2 -D M B
3 - M P2 - M P 2, 3 -D M B
T h i s  m o d e l ,  w i th  16 r e a c t i o n  r a t e  c o n s t a n t s ,  c o m e s  v e r y  c lo se  
to the  l im i t i n g  c a s e  w h ic h  h a s  20 c o n s t a n t s .  I t  i s  i n t e r e s t i n g  to 
no te  the  fou r  m i s s i n g  r e a c t i o n  p a th s .  N e i t h e r  n-C^^ n o r  2, 2-DM B 
a r e  shown to be  p r i m a r y  p r o d u c t s  f r o m  2 - M P  o r  f r o m  2, 3 -D M B,  
an d  the  m o s t  s u r p r i s i n g  th ing  i s  t h a t  no p a th  i s  in d i c a t e d  f r o m  
2, 3 -D M B  to 2, 2 -D M B .  O th e r  r e s e a r c h e r s  have  in d i c a t e d  th a t  
the  only w ay  to f o r m  2, 2 -D M B  is  th r o u g h  2, 3 -D M B. In the above
m o d e l  2, 2 -D M B  is  f o r m e d  only f r o m  n - C ,  and  3 - M P .
6
The  p r e v i o u s l y  m e n t io n e d  t h r e e  s tep  m o d e l  to w h ich  the 
d a ta  w e r e  f i t t ed  and  the a bove  m o d e l  b a s e d  on p r i m a r y  p r o d u c t s  
a r e  c o m p a t ib l e  if the  r e a c t i o n  r a t e s  a m o n g  2 - M P ,  3 - M P  and  
2, 3 -D M B  a r e  f a s t  r e l a t i v e  to the  o t h e r  r e a c t i o n  r a t e s .  T h i s  
r e l a t i v e l y  f a s t  i n t e r  c o n v e r s i o n  of 2 - M P ,  3 - M P  and  2, 3-DM B 
w a s  show n  to e x i s t  w h e n  the  o v e r a l l  c o n v e r s i o n  of i s o m e r i c  
h e x a n e s  w a s  d i s c u s s e d  in S ec t io n  K2 of th is  c h a p te r .
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8. M odels P ro p o se d  by O thers
E v e  r in g  an d  Waugh in  1951 p r o p o s e d  a  m e c h a n i s m  and
( 2 2 )c a l c u l a t e d  the in d iv id u a l  r e a c t i o n  r a t e  c o n s t a n t s
0. 7 6 . 0 0. 8
, 3 -D M B  2, 2 -D M B
0. 04
n - C 2 - M P
150
3 - M P
The  r e s u l t s  of McCaulay^  a n d  Cul l  a n d  B r e n n e r ^ ^ i n d i c a t e d  
a  v e r y  s i m i l a r  m o d e l  w i th  s i m i l a r  r e a c t i o n  r a t e  c o n s t a n t s .  In a l l  
t h r e e  c a s e s  a n  a c i d  h a l ide  c a t a l y s t  s y s t e m  w a s  u s ed .
Z a b o r
A m a r k e d l y  d i f f e r e n t  m o d e l  w a s  r e p o r t e d  by  S t a r n e s  and  
(65)
1 .1  1 .3
ÏÏ 2 - M P  ïi 2, 3 -D M B
aY^O.6 I I 2. A  1.6
5.0 Æ o  ^  10.7/17.5
3 - M P  2, 2 -D M B
T h is  m o d e l  r e s u l t e d  w hen  a  p l a t i n u m - a l u m i n a - h a l i d e  p r o m o t e d  
c a t a l y s t  w a s  u s e d .  The  t r e m e n d o u s  d i f f e r e n c e  b e tw e e n  the m o d e l  
p r o p o s e d  by E v e  r i n g  and  Waugh and  the  m o d e l  p r o p o s e d  by 
S t a r n e s  and  Z a b o r  b e c o m e s  q u i te  a p p a r e n t  by  s i m p l y  c o m p a r i n g
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the  r a t e  c o n s t a n t s  f o r  the two r e a c t i o n s :  2 - M P  3 - M P  and  
2, 3 -D M B ^  2, 2 -D M B.
E v e r i n g  and  W augh S t a r n e s  and  Z a b o r
65 7
2 - M P  Ï Î 3 - M P  ^  ^
150 5
0 . 8  , 1 7 .5
2 , 3 -D M B  ÏÎ 2, 2 -D M B
0 . 0 4  10 .7
A lso ,  bo th  of t h e s e  m o d e l s  d i f f e r  f r o m  the m o d e l  d e v e lo p e d  in 
th i s  w o rk .  Thus  i t  i s  co n c lu d e d  th a t  the  r e a c t i o n  m e c h a n i s m  is 
v e r y  d e p e n d e n t  on the type  of c a t a l y s t  s y s t e m .
L. H y d r o c r a c k i n g
The  r e s e a r c h  in th i s  d i s s e r t a t i o n  w a s  p r i m a r i l y  dev o ted  
to the s tudy  of i s o m e r i z a t i o n .  In f a c t ,  in  the  d a ta  i n t e r p r e t a t i o n  
a n d  m o d e l  s e l e c t io n ,  the e f f e c t  of h y d r o c r a c k i n g  w a s  n e g le c te d .
In g e n e r a l ,  th i s  w a s  a n  a c c e p t a b l e  a s s u m p t i o n .  The  o v e r a l l
h y d r o c r a c k i n g  is  shown in  T a b le  18 (page 106) f o r  the  f ive  hexane  
i s o m e r s  a t  v a r i o u s  f eed  r a t e s .  T h i s  tab le  sh o w s  th a t  h y d r o ­
c r a c k i n g  o c c u r s  w i th  the m e t h y l p e n t a h e s .  The h y d r o c r a c k i n g  
o c c u r in g  w i th  the o t h e r  i s o m e r s  c an  be r e l a t e d  to the m e t h y l - 
p e n ta n e s  w h ic h  w e r e  f o r m e d .  Dudley a n d  M a l l o r y  r e p o r t e d  t h a t
h y d r o c r a c k i n g  cou ld  be a t t r i b u t e d  to 2 - M P ,  3 - M P ,  and  
{ 7  6 )
2, 3 -D M B  . T h i s  p r e s e n t  w o r k  i n d i c a t e s  t h a t  2 - M P  and
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T a b le  18.  H y d r o c r a c k i n g  of H e x a n e s  a t  V a r i o u s  F e e d  R a t e s .
O p e ra t in g  C o n d i t io n s
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
H ^ / H e x a n e ,  m o l e  r a t i o 1 0
C a t a l y s t H - M o r d e n i t e
R un  Nos. 10 a n d  14
R un  R e s u l t s
T o t a l  H y d r o c r a c k e d  P r o d u c t ,
m o l e s  p e r 1 0 0  m o l e s  h e x a n e  fed
F e e d  R a t e ,  n - C ^  
w / h r - w  fe d
3 - M P
fed




2, 2 -D M B  
fed
0 . 7 8  1 .9 -  - -  - - -
2 . 0 6  0 . 5 1 0 . 8 1 2 . 2 3 . 4 1 . 1
2 . 7 5  0 . 4 8 . 4 7 . 9 2 . 4 1 . 1
4 , 1 2  0 . 2 4. 8 5. 8 1 . 1 1 . 0
5. 50 0. 0 3 .9 4. 2 1 . 0 0 . 9
8 . 24 0 . 0 2. 7 3. 4 0. 5 1 . 0
*
F e e d  r a t e s  f o r  2, 3 -D M B w e r e  ac tu a l ly  4. 9% lo w e r .
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3 - M P  a r e  the p r e c u r s o r s  of h y d r o c r a c k i n g  w h e n  h y d r o i s o m -  
e r i z i n g  the i s o m e r i c  h e x a n e s  w i th  a  h y d r o g e n - m o r d e n i t e  
c a t a ly s t .
Tab le  19 (page  108) g iv e s  the  d i s t r i b u t i o n  of h y d r o c r a c k e d  
p r o d u c t  f o r  the  v a r i o u s  i s o m e r s  a t  one fe e d  r a t e .  The  -C^  
f r a c t i o n  c o n s i s t e d  e n t i r e l y  of an d  no o r  C^. F o r  the
3 - M P  and  2 - M P  the  p r o d u c t  m o l a r  r a t i o s  w e r e  :
C 3 / C 4 = ~  0. 5
= ~  3.
i C g / n C j = ~  6 .
M. D e a c t iv a t io n  of C a t a l y s t
In g e n e r a l ,  c a t a l y s t  d e a c t i v a t i o n  w a s  m i n o r .  D u r in g  the 
l o n g e s t  run ,  R un  No. 10, the  i s o m e r i z a t i o n  of n - h e x a n e  only 
d e c r e a s e d  f r o m  28. 4% a t  a  r u n  t i m e  of 130 m i n u t e s  to 28. 0% a t  
a  r u n  t im e  of 1290 m i n u t e s .  I t  shou ld  be n o te d  th a t  th i s  p a r t i c u l a r  
r u n  in c lu d ed  a l l  of the  w o r k  w i th  2 - M P ,  3 - M P  and  2, 2 -D M B ,  even  
the o p e r a t i o n  w i th  the  m e t h y l p e n t a n e s  w h e r e  1 0 - 1 2 % h y d r o c r a c k i n g  
o c c u r e d .
H o w e v e r ,  d e a c t i v a t i o n  w a s  e x p e r i e n c e d  in two of the  r u n s .
In R un  No. 12 the  e f f e c t  of to ta l  p r e s s u r e  on n - h e x a n e  i s o m e r ­
i z a t i o n  w a s  s tud ied .  A s  the p r e s s u r e  w a s  l o w e r e d ,  no  d e a c t iv a t io n  
w a s  n o t i c e d  a t  365 p s i a , b u t  a t  315 p s i a  the  d e a c t i v a t i o n  b e c a m e
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T a b le  I 9 . H y d r o c r a c k i n g  of H e x a n e s  - D i s t r i b u t i o n  of H y d r o c r a c k e d  
P r o d u c t .
O p e r a t in g  C ond i t io n s
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
Space  V e lo c i ty ,  w / h r - w 2
H ^ / H e x a n e ,  m o l e  r a t i o 1 0
C a t a l y s t H - M o r d e n i t e
R un  Nos, 10 an d  14
R un  R e s u l t s
H y d r o c r a c k e d  P r o d u c t ,  
m o l e s  p e r  1 0 0  m o l e s  h e x a n e  fed
n-C&
C o m p o n e n t  fed
3 - M P
fed
2 - M P  2 , 3 -D M B  
fed  fed
2, 2 -D M B  
fed
C 1 - C 3  0 . 5 3. 7 4 . 4  1 .9 0 . 6
i - C .  0. 1 ■ 4 5. 1 5 . 8  1 .8 0. 3
n - C .  0 . 2  4 1 .9 2 . 2  0 . 1 0 . 2
i - C g  0 . 0 4. 5 4 . 7  1 .1 0. 3
n - C  3  0 . 0 0 . 6 0 . 9  0 . 3 0 . 2
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qui te  n o t i c e a b le .  A f te r  60 m i n u t e s  of o p e r a t i o n  a t  315 p s i a ,  the  
p r e s s u r e  w a s  i n c r e a s e d  b a c k  to the s t a n d a r d  r u n  p r e s s u r e  of 
465 p s i a .  S u b s e q u en t  o p e r a t i o n  a t  465 p s i a  show ed  t h a t  the 
c a t a l y s t  had  e x p e r i e n c e d  ^ 0 % d e ac t iv a t io n .
T h e  o th e r  r u n  w h e r e  d e a c t i v a t i o n  o c c u r e d  w a s  R un  No. 11. 
T h i s  r u n  w a s  a t  the  s t a n d a r d  co n d i t io n s  of 5 0 0 °F ,  465 p s i a ,
2  v / h r - v  and  1 0 / 1  m o le  r a t i o  of h y d r o g e n / h y d r o c a r b o n ,  and  the  
f e e d  w as  2, 3 -D M B. A r a p i d  d e a c t iv a t io n  w a s  e x p e r i e n c e d  in 
i s o m e r i z a t i o n  a c t i v i t y ,  a s  shown in F i g u r e  30 (page  110). The  
h y d r o c r a c k i n g  w a s  i n i t i a l ly  h ig h  b u t  r a p i d l y  d e c l in e d ,  a s  shown 
in F i g u r e  31 (page 111). The  r u n  r e s u l t s  a r e  l i s t e d  in T a b le  20 
(page 112). In s tudy ing  th is  p r o b l e m  i t  w a s  found t h a t  the 
2, 3 -D M B  w as  c o n t a m i n a t e d  w i th  0. 4 wt% o r g a n i c  oxygen.  The 
p r e s e n c e  of oxygen w a s  f i r s t  no ted  w i th  a  s t a n d a r d  iod ine  - s t a r c h  
t e s t , a n d  the  q u a n t i t a t iv e  r e s u l t s  w e r e  ob ta ined  by  a  p e r o x i d e  t e s t  
a t  the E s s o  R e s e a r c h  L a b o r a t o r i e s .  A s e c o n d  ru n .  R un  No. 14, 
w i th  2, 3 -D M B  f r o m  a n o t h e r  bo t t l e  sh o w ed  no d e ac t iv a t io n .
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R un  No. 11
55
I s o m e r i z a t i o n  





30 1 2 0
T i m e  on F e e d ,  m i n u t e s
F i g u r e  30 . D e c l in e  in I s o m e r i z a t i o n  A c t iv i t y  When U sing  Oxygen 
C o n t a m i n a t e d  F e e d ,
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R un  No. 11
C r a c k i n g ,  
m o le  %
1 2 0
T i m e  on F e e d ,  m i n u t e s
F i g u r e  31 , D ec l ine  in  H y d r o c r a c k i n g  A c t iv i ty  When U sing  Oxygen 
C o n ta m in a t e d  F e e d .
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T a b l e  20. C a t a l y s t  D e a c t iv a t i o n  w i th  Oxygen C o n ta m in a t e d  F e e d .
O p e r a t i n g  C ond i t ions
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
Space  V e lo c i ty ,  v / h r - v 2
H ^ / 2 ,  3 -DMB, m o le r a t i o 1 0
F e e d 2, 3 -DMB + 
o r g a n i c  oxygen
C a t a l y s t H - M o r d e n i t e
R u n  No. 1 1
R u n  R e s u l t s
R un  L e n g th , I s o m e r i z a t i o n , C r a c k in g ,
m i n u t e  s m o le  % m o le  %
2 0 59. 7 14. 6
30 50. 9 1 1 . 6
40 47. 2 9. 2
50 43. 4 8 . 2
60 44. 0 7. 5
70 44. 5 6 . 3
80 42. 9 5. 2
90 41. 9 4. 4
1 0 0 40. 3 3. 6
1 1 0 39. 7 2 . 9
D e a c t i v a t i o n  t e s t  w a s p r e c e d e d  by 1 9 0  m in . n - h e x a n e  run .
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C H A P T E R  V 
CONCLUSIONS AND R EC O M M EN D A TIO N S
C o n c lu s io n s
1. The  h y d r o g e n  f o r m  of s y n th e t i c  m o r d e n i t e ,  w i th  o r  w i t h ­
out p a l l a d i u m  i m p r e g n a t i o n ,  i s  a n  e x t r e m e l y  a c t iv e  
c a t a l y s t  f o r  the  h y d r o i s o m e r i z a t i o n  of n - p e n t a n e  and
n - h e x a n e .
2. The e x c e l l e n t  i s o m e r i z a t i o n  a c t i v i t y  of h y d r o g e n -  
m o r d e n i t e ,  w i th o u t  any  p a l l a d i u m  i m p r e g n a t i o n ,  i n d i c a t e s  
t h a t  the  m o r d e n i t e ,  i t s e l f ,  p o s s e s s e s  n o t  only  i s o m e r ­
i z a t i o n  s i t e s  b u t  a l s o  d e h y d r o g e n a t i o n - h y d r o g e n a t i o n  
s i t e s .  The a b i l i ty  of t h e s e  d e h y d r o g e n a t i o n -  h y d r o g e n a t io n  
s i t e s  to f u n c t io n  p r o p e r l y  in  the  o v e r a l l  i s o m e r i z a t i o n  
r e a c t i o n  i s  v e r y  d e p e n d e n t  on the s i z e  of the  h y d r o c a r b o n  
m o le c u le .  In the  c a s e  of n - p e n t a n e  i s o m e r i z a t i o n ,  t h e s e  
d e h y d r o g e n a t i o n - h y d r o g e n a t i o n  s i t e s  a p p e a r  m o r e  a c t i v e  
th a n  a c t u a l  P d  s i t e s ,  w i th  n - h e x a n e  th e y  show eq u a l  
a c t i v i t y ,  and  w i th  n - h e p t a n e  the d e h y d r o g e n a t i o n -  h y d r o - 
g e n ta io n  s i t e s  of the  h y d r o g e n - m o r d e n i t e  a r e  e s s e n t i a l l y  
in e f fec t iv e .
3. D if fus ion  w i th in  the  m a c r o p o r e s  of the  c a t a l y s t  i s  no t
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r a t e - l i m i t i n g  a t  the  s t a n d a r d  c o n d i t io n s  u s e d  in th is  w o rk ,  
b u t  a  d i f f u s io n  l i m i t a t i o n  in the  m a c r o p o r e s  d o es  b e c o m e  
s i z e a b l e  w h e n  a  h ig h e r  h y d r o c a r b o n  p a r t i a l  p r e s s u r e  is 
u s e d .  D if fu s ion  in s id e  the  m i c r o p o r e s  ( 6 - 7 Â  d i a m e t e r )  
of the  m o r d e n i t e  c r y s t a l  w a s  n o t  i n v e s t i g a t e d  in th i s  s tudy 
b e c a u s e  only one c r y s t a l  s i z e  r a n g e  of m o r d e n i t e  w a s  
a v a i l a b l e .
4. The  r e s u l t s  of th i s  i n v e s t i g a t i o n  a r e  c o m p a t ib l e  w i th  a  
r e v e r s i b l e ,  f i r s t - o r d e r  r e a c t i o n  a t  a  " d u a l - s i t e "  w h e r e  
the  d y n a m ic  a d s o r p t i o n  c o n s t a n t s  f o r  the  v a r i o u s  c o m p o ­
n e n t s  a r e  e s s e n t i a l l y  e qua l .  E v e n  though  the  e x a c t  
m e c h a n i s m  of h ex an e  i s o m e r i z a t i o n  is  no t  known,  the  da ta  
a r e  a d e q u a te ly  c o r r e l a t e d  w i th  a  m o d e l  c o n s i s t i n g  of only 
t h r e e  r e a c t i o n  p a th s .
B. R e c o m m e n d a t i o n s
1. M o r e  n e e d s  to be  known a b o u t  the  d e h y d r o g e n a t i o n -  
h y d r o g e n a t i o n  s i t e s  of h y d r o g e n - m o r d e n i t e .  T h i s  type  of 
a c t i v e  s i t e  is  un ique  a m o n g  the  c r y s t a l l i n e  z e o l i t e s .
2. D i f fu s ion  in  the  m i c r o p o r e s  shou ld  be s tu d ie d  by u s in g  
h y d r o g e n - m o r d e n i t e  m a d e  f r o m  d i f f e r e n t  s i z e  c r y s t a l s .  
The  e x t r e m e l y  u n i f o r m  d i m e n s i o n s  of the  m i c r o p o r e s  
w ou ld  m a k e  i t  p o s s i b l e  to d ev e lo p  a n  e x c e l l e n t  p h y s i c a l  
i n t e r p r e t a t i o n  of th i s  type  of d i f fus ion .
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Run N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - P e n t a n e ,  p s i a  
v / h r - v  
w / h r - w
lA
1 /2%  P d  on H - F a u j a s i t e  






H y d ro g e n ,  p s i a  
M in u te s  on F e e d 80
424
100
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 5  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
I - P e n t a n e
N - P e n t a n e
I s o m e r i z a t i o n ,  % 
C r a c k i n g ,  %
H y d ro g e n  B a l a n c e ,  % .
1 0 2 0 .
0 . 0 
- 0 . 0 
0 . 0 
0 . 0 




0 . 0 
9 9 .7
1020.
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1. 4 
9 8 . 6
1 .4  
0 . 0 
9 9 .7
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R un  N u m b e r
C a t a l y s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
IB
1 /2%  P d  on H - F a u j a s i t e  








P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E th an e
P r o p a n e
I -B u tan e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -DMB 
2, 3 -DMB
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
990.
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 





4. 8  
0 . 0
9 9 . 9
990.
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
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C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
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0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0
1 . 4  
98. 6




0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1. 4 
9 8 . 6
1 .4  
0. 0 
99.  8




R u n  N u m b e r ID
C a ta ly s t  Type
Size , m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e p ta n e ,  p s ia  
v / h r - V  
w / h r  -w
1/2%  P d  on H - F a u j a s i t e  






H y d ro g en , p s ia  
M in u te s  on F e e d 460
421
500
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 7  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
I - P e n ta n e
N -P e n ta n e
I-H e x a n e
N -H ex an e
I -H e p ta n e
N -H e p tan e
I s o m e r iz a t i o n ,  % 
C ra c k in g ,  %
H y d ro g en  B a la n c e ,  %
940.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
13. 2 
8 6 . 8
13. 2
0 . 0  
99. 3
950.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1 2 . 8  
87. 2
1 2 . 8  
0 . 0  
9 9 .9
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R un  N u m b e r
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N - P e n ta n e ,  p s ia  
v / h r - V  
w / h r  -w
H y d ro g en , p s ia
M in u te s  on F e e d
IE
1 /2%  P d  on H - F a u ja s i t e  








P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g en
M ethane
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
I - P e n ta n e
N - P e n ta n e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  % •
990.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0
1 .4  
9 8 . 6




0 . 0  
0 . 0  
0 . 0  
0 . 0  




0 . 0  
9 9 .9
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R un N u m b e r 2A
C a ta ly s t  Type 1/2%  P d on H-Mo:
S ize , m m 0. 23-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s ia 465
N - P e n ta n e ,  p s ia 43
v / h r - v 2. 04
w / h r - w 1 .9 7
H y d ro g en , p s ia 422
M in u te s  on F e e d 80 1 0 0
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g en 990. 990.
M ethane 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 0 . 0 0 . 0
I -B u ta n e 0 . 0 0 . 0
N -B u ta n e 0 . 0 0 . 0
I - P e n ta n e • 1 9 .7 1 9 .9
N - P e n ta n e 80. 3 80. 1
I s o m e r i z a t i o n ,  % 19 .7 19. 9
C ra c k in g ,  % 0 . 0 0 . 0
H y d ro g en  B a la n c e ,  % 99. 8 99. 8
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R u n  N u m b e r
C a t a ly s t  T ype
S ize , m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x a n e ,  p s ia  
v / h r - V  
w / h r  -w
2B
1/2%  P d  on H -M o rd e n i te






H y d ro g en , p s ia  
M in u te s  on F e e d 180
424
2 0 0
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N -P e n ta n e  
2, 2 -DM B 
2, 3 -DM B
2 - M P
3 -M P  
N -H e x an e
1 0 0 0 .
0 . 0  
0 . 0  
0 . 6  
0 . 0  
0 . 2  
0 . 2
1. 7
2 . 0  
3. 3
1 2 . 1  
8 . 1  
72, 3
1 0 0 0 ,
0 . 0  
0 . 0
0. 5 
0 . 0  
0 . 2  
0 . 2
1. 4
2 . 0  
3. 2
11. 9 
7. 8  
73. 4
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  % 
H y d ro g e n  B a la n c e ,  %
25. 5 




9 8 . 9
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T A B L E  A
RU N  DATA
R un N u m b e r 2C
C a ta ly s t  Type 1 /2%  P d on H-Mo:
S ize , m m 0. 23-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s ia 465
N - P e n ta n e ,  p s ia 43
v /h r - V 2. 04
w / h r - w 1. 97
H y d ro g en , p s ia 422
M in u te s  on F e e d 280 300
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g e n 9 8 0 . 9 8 0 .
M eth an e 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 0 . 0 0 . 0
I -B u ta n e 0 . 0 0 . 0
N -B u ta n e 0 . 0 0 . 0
I - P e n ta n e 1 8 .3 18. 1
N - P e n ta n e 81. 7 81. 9
I s o m e r i z a t i o n ,  % 18. 3 18. 1
C ra c k in g ,  % 0 . 0 0 . 0
H y d ro g e n  B a la n c e ,  % 9 9 .7 99. 7
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T A B L E  A 
RUN DATA
R un N u m b e r 2D
C a ta ly s t  Type 1 /2 %  P d on H-M o:
S ize ,  m m 0. 23-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s ia 465
N -H e p ta n e ,  p s ia 44
v / h r - v 2. 04
w / h r  -w 2 . 2 0
H y d ro g en , p s ia 421
M in u te s  on F e e d 460 500
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 7 fed
H y d ro g e n 9 2 0 . 9 2 0 .
M eth an e 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 36. 6 38. 5
I - B u ta n e 41. 5 39. 0
N -B u ta n e 8 .7 9. 5
I - P e n ta n e 7 . 3 6 . 8
N -P e n ta n e 3. 8 3. 3
I -H e x a n e 3. 2 2. 5
N -H e x an e 5. 3 4. 8
I -H e p ta n e 1 5 .4 14. 4
N -H e p ta n e 25. 6 28. 4
I s o m e r i z a t i o n ,  % 1 5 .4 14. 4
C ra c k in g ,  % 5 9 .0 57. 2
H y d ro g e n  B a la n c e ,  % 1 0 0 . 0 1 0 0 . 0




R u n  N u m b e r
C a t a ly s t  T ype
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N - P e n ta n e ,  p s ia  
v / h r - V  
w / h r  -w
2E
1/2%  P d  on H -M o rd e n i te






H y d ro g e n ,  p s ia  
M in u te s  on F e e d 580
422
600
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
I - P e n ta n e
N - P e n ta n e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
980.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
18. 0  
82. 0
18. 0  
0 . 0  
9 9 .7
980.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
18. 2  
81. 8
18. 2  
0 . 0  
9 9 .7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TA B LE A
R UN DATA
134
R un N u m b e r 3A
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N - P e n ta n e ,  p s ia  
v / h r - V  
w / h r  -w
H y d ro g en , p s ia
M in u te s  on F e e d
H - F a u j a s i t e
80








P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
I - P e n ta n e
N - P e n ta n e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
9 8 0 .
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 8  
9 9 .2
0 . 8  
0 . 0  
9 9 .7
980.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 8  
99. 2
0 . 8  
0 . 0  
9 9 .7




R un N u m b e r SB
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x a n e ,  p s ia  
v / h r - v  
w / h r - w
H y d ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N -P e n ta n e  
2, 2 -DM B 
2, 3 -DMB
2 - M P
3 -M P  
N -H e x an e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g en  B a la n c e ,  %
H - F a u ja s i t e
180
1030.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 1  
0 . 1  
99. 8
0 . 2  
0 . 0  
100. 0









0 , 0  
0 , 0  
0 , 0  
0 , 0  
0 , 0  
0 , 0  
0 , 0  
0 , 0  
0 , 0  
0 , 1  
0 , 1  
99. 8
0 , 2  
0 . 0  
1 0 0 , 0
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TA B LE A
RUN DATA
R un N u m b e r
C a ta ly s t  Type
S ize , m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - P e n ta n e ,  p s i a  
v / h r - V  
w / h r  -w
H y d ro g en ,  p s i a
M in u te s  on F e e d
3C
H - F a u j a s i t e
280








P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
I - P e n ta n e
N - P e n ta n e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %•
980.
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
. 0 .9  
99. 1
0 .9  
0 . 0  
9 9 .3
9 8 0 .
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 8  
9 9 .2
0 . 8  
0 . 0  
9 9 .5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TA B LE A
R U N  DATA
137
R u n  N u m b e r 3D
C a t a ly s t  T ype
S ize ,  m m
H - F a u ja s i t e
0 .4 2 - 0 .  84
T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a
500
465
N - H e p ta n e ,  p s ia  
v / h r - v  




H y d ro g e n ,  p s ia 422
M in u te s  on F e e d 460 500
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 7  fed
H y d ro g e n 970. 970.
M eth an e 0 . 0 0 . 0
E th a n e 0 . 0 0 . 0
P r o p a n e 1 . 1 1 . 2
I - B u ta n e 1 . 0 1 . 0
N -B u ta n e 0 . 2 0. 3
I - P e n ta n e 0 . 0 0 . 0
N - P e n ta n e . 0 . 0 0 . 0
I -H e x a n e 0 . 0 0 . 0
N -H e x an e 0 . 0 0 . 0
I -H e p ta n e 1 . 2 1 . 1
N -H e p ta n e 97. 6 97. 7
I s o m e r i z a t i o n ,  % 1 . 2 1 . 1
C ra c k in g ,  % 1 . 2 1 . 2
H y d ro g e n  B a la n c e ,  % 99. 5 99. 6




R un N u m b e r
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N - P e n ta n e ,  p s ia  
v / h r - V  
w / h r  -w
3E
H - F a u ja s i t e






H y d ro g en , p s ia  
M in u te s  on F e e d 580
423
600
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g e n
M eth an e
E th a n e
P r o p a n e
I -B u ta  ne
N -B u ta n e
I - P e n ta n e
N - P e n ta n e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
1000 .
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0. 4 
99. 6
0 ,4  
0 . 0  
100. 0
10 0 0 .
0 . 0  
0 . 0  
0 . 0  
0 . 0  




0 . 0  
100. 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T A B L E  A
RUN DATA
139
R u n  N u m b e r 4A
C a ta ly s t  Type
S ize , m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N - P e n ta n e ,  p s ia  
v /h r - V  
w / h r - w
H y d ro g en , p s ia
M in u te s  on F e e d
H -M o rd e n i te







80 1 0 0
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g en
M eth an e
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
I - P e n ta n e
N - P e n ta n e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  % ■
1000.
0 . 0  
0 . 0  
0. 5 
0 . 8  




0 .9  
9 9 .7
1000 .
0 . 0  
0 . 0  
0. 4 
0. 7 
0 . 2  
37. 1 
62. 1
3 7 .1  
0 . 8  
9 9 .7
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R un N u m b e r
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x a n e ,  p s ia  
v / h r - V  
w / h r - w
H y d ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N -P e n ta n e  
2 ,2 -D M B  
2, 3-D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r i z a t i o n ,  % 
C ra c k in g ,  %
H y d ro g en  B a la n c e ,  %
4B
H -M o rd e n i te



















6 . 7 
75. 1
23. 0




0 . 0  
0 . 0  
0. 7 
0 . 1  
0 . 1  




1 1 . 8 
7. 5 
73. 7
2 5 .4  
0 . 9 
100 . 0
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R un N u m b e r 4C
C a ta ly s t  Type H -M o rd e n i te
S ize , m m 0. 30-1,
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s ia 465
N - P e n ta n e ,  p s ia 42
v / h r - V 2. 04
w / h r  -w 1 .9 3
H y d ro g en ,  p s ia 423
M in u te s  on F e e d 280 300
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g en 1 0 0 0 . 1 0 0 0 .
M eth an e 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 0 . 1 0 . 1
I -B u ta n e 0 .4 0. 5
N -B u ta n e 0. 3 0 . 1
I - P e n ta n e 32. 8 3 4 .4
N -P e n ta n e 6 6 . 6 65. 1
I s o m e r i z a t i o n ,  % 32. 8 3 4 .4
C ra c k in g ,  % 0 . 6 0. 5
H y d ro g en  B a la n c e ,  % 99. 7 99. 7
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Run N u m b e r
C a ta ly s t  Type
S ize , m m
T e m p e r a t u r e ,  ° F
P r e s s u r e ,  p s ia
N -H e p ta n e ,  p s ia  
v / h r - v  
w / h r  -w
H y d ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 7  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I-B u ta n e
N -B u ta n e
I - P e n ta n e
N -P e n ta n e
I -H e x a n e
N -H ex an e
I -H e p ta n e
N -H ep tan e
I s o m e r iz a t i o n ,  %
C ra c k in g ,  %
H y d ro g en  B a la n c e ,  %
4D
H -M o rd e n i te













1 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 0  






0 . 0  
0 . 0  
5. 1 
1 .9  
1 . 2  
0 . 0  
0 . 0  
0 . 0  
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T A B L E  A
RUN DATA
R un N u m b e r 4 E
C a ta ly s t  Type H -M o rd e n i te
S ize , m m 0 .3 0 - 1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s ia 465
N - P e n ta n e ,  p s ia 42
v / h r - V 2. 04
w / h r  -w 1 .9 3
H y d ro g en , p s ia 423
M in u te s  on F e e d 580 600
P r o d u c t ,  m o le s  p e r
100 m o le s  N -C 5  fed
H y d ro g e n 1 0 0 0 . 1 0 0 0 .
M e th an e 0 . 0 0 . 0
E th a n e 0 . 0 0 . 0
P r o p a n e 2 . 6 2 .9
I -B u ta n e 3. 1 3 .9
N -B u ta n e 1. 3 1. 3
I - P e n ta n e 2 .7 4. 7
N -P e n ta n e 92. 2 89. 5
I s o m e r i z a t i o n ,  % 2. 7 4. 7
C ra c k in g ,  % 5. 1 5. 8
H y d ro g e n  B a la n c e ,  % 1 0 0 . 0 1 0 0 . 0
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R un N u m b e r 5A
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N -H e x a n e ,  p s ia  
v / h r - V  
w / h r  -w
H -M o rd e n i te






H y d ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M ethane
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e  
2 ,2 -D M B  
2, 3 -D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r iz a t i o n ,  %
C ra c k in g ,  %
H y d ro g en  B a la n c e ,  %





0 . 0  
0 . 0  
1. 5 
0 . 6  
0 . 1  
0 . 1
0 .4  
3. 3 
3. 3
11 . 8 






0 . 0  
0 . 0  
1. 4 
0 . 6  









1 . 6  
9 9 .9
0 . 0 3 4
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Run N u m b e r
C a ta ly s t  Type
S ize , m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x an e ,  p s ia  
v / h r - v  
w / h r  -w
H yd ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M ethane
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N -P e n ta n e  
2, 2 -D M B  
2, 3-D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r iz a t i o n ,  %
C ra c k in g ,  %
H y d ro g en  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
SB
H -M o rd e n i te









0 . 0  
0 . 0  
0 . 8  
0 . 1  
0 . 0  
0 . 0  
0 . 0  
1 . 2  
1 .4  
5. 8  
3. 3
87. 8




0 . 0  
0 . 0
0. 7 
0 . 1  
0 . 0  
0 . 0  
0 . 0








0 . 0 3 4
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R un N u m b e r
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x an e ,  p s ia  
v / h r - V  
w / h r  -w
H y d ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e  
2, 2 -D M B  
2, 3-D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r iz a t i o n ,  %
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
5C
H -M o rd e n i te







180 1 9 0
5 6 7 0 .
0 . 0  
0 . 0  
0 . 2  
0 . 0
0 . 0  
0. 0  
0. 0 
0.  5 
0. 7
3. 0 
2 . 1  
93. 6
6 . 3
0 . 1  
100 . 0
5600.
0 . 0  
0 . 0  
0 . 1  
0 . 0  
0 . 0  
0 . 0  




1 .9  
9 3 .9
6 . 0  
0 . 1  
9 8 .7
0 . 035
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R un N u m b e r
C a ta ly s t  Type
S ize , m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x an e ,  p s ia  
v / h r - V  
w / h r  -w
H y d ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H ex an e
I s o m e r i z a t i o n ,  %
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
5D
H -M o rd e n i te













0 . 1  








1 . 0  
1 0 0 . 2
10 2 0 .
0 . 0  
0 . 0  
1 . 0
0. 5 
0 . 1  
0 . 0  
0 . 0  
3. 3 
3. 3




1 . 0  
99. 0
0. 0 3 4
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Run N u m b e r 5E
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x an e ,  p s ia  
v / h r - V  
w / h r - w
H -M o rd e n i te
0. 8 4 -1 .  41
500
465
1 1 1  
2. 04 
2. 17
H y d ro g en , p s ia  
M in u te s  on F e e d 320
354
360
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g e n
M ethane
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e  
2, 2 -D M B  
2, 3 -D M B
2 -M P
3 -M P  
N -H e x an e  
C y c lo h ex an e
I s o m e r iz a t i o n ,  %
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
320.
0 . 0  
0 . 0  
1 . 8  
1 . 2  
0 . 4  
0 . 6  
0 . 1  
4. 2 
3 . 4  
12. 0 
8 . 2  




1 0 0 . 0
315.
0 . 0  




0 . 6  










0 . 0 1 4
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R un N u m b e r
C a t a ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x a n e ,  p s ia  
v / h r - v  
w / h r  -w
5F
H -M o rd e n i te






H y d ro g en , p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N -P e n ta n e  
2, 2 -D M B  
2, 3-D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r i z a t i o n ,  %
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %





0 . 0  
0 . 0  
1 . 2
0. 7 
0 . 1  
0 . 2  
0 . 0  









0 . 0  
0 . 0
1. 3 
0 . 8  
0 . 1  
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RU N  DATA
150
R u n  N u m b e r 6 A
C a ta ly s t  Type
S ize ,  m m
H -M o rd e n i te
0. 3 0 -0 ,  84
T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s ia
N -H e x a n e ,  p s ia  
v / h r - V  






H y d ro g en , p s ia  
M in u te s  on F e e d 80
424
100
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M eth an e
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e
. 2 ,2 -D M B
2, 3 -D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r i z a t i o n ,  %
C ra c k in g ,  %
H y d ro g en  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
1020.
0 . 0  
0 . 0  
0, 7 
0 . 1  
0 , 1  
0 . 0  
0 . 0  
2 .7  
3. 2 






1 0 2 0 .
0 . 0  
0 . 0  
0. 7 
0 . 1  
0 . 1  
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R UN DATA
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R un N u m b e r
C a ta ly s t  Type
S ize , m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x a n e ,  p s ia  
v / h r - V
w / h r  -w
6 B
H -M o rd e n i te






H y d ro g en , p s ia  
M in u te s  on F e e d 130
449
140
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M eth an e
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e  
2, 2 -D M B  
2, 3 -D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r i z a t i o n ,  %
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
2850.
0 . 0 
0 . 0 
0 . 6 
0 . 0 
0 . 0  
0 . 0  
0 . 0  
1. 3 
1 .4  
5. 7 
3. 6  
87. 7




0 . 0  
0 . 0  
0 . 6  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1 . 2  
1 . 2  
5. 5 
. 3. 5 
8 8 . 3
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T A B L E  A
RU N  DATA
152
R u n  N u m b e r 6 C
C a ta ly s t  Type H -M o rd e n i te
S ize , m m 0. 3 0 -0 .
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s ia 465
N -H e x an e ,  p s ia 8
v / h r - v 2. 04
w / h r  -w . 2. 05
H y d ro g en , p s i a 457
M in u te s  on F e e d 180 1 9 0
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en 5530. 5450.
M eth an e 0 . 0 0 . 0
E th a n e 0 . 0 0 . 0
P r o p a n e 0 . 0 0 . 0
I -B u ta n e 0 . 0 0 . 0
N -B u ta n e 0 . 0 0 . 0
I - P e n ta n e 0 . 0 0 . 0
N - P e n ta n e 0 , 0 0 . 0
2, 2-D M B 0 . 6 0. 5
2, 3-D M B 0. 7 0 . 6
2 -M P 3 .6 3. 4
3 -M P 2. 3 2 . 2
N -H ex an e 9 2 . 8 93. 3
I s o m e r i z a t i o n ,  % 7. 2 6 . 7
C ra c k in g ,  % 0 . 0 0 . 0
H y d ro g e n  B a la n c e ,  % 1 0 0 . 1 99. 1
R a te  C o n s ta n t  k, c c / g m - s e c 0 . 037
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T A B L E  A
RUN DATA
153
R un  N u m b e r
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x a n e ,  p s ia  
v / h r - v  
w / h r - w
H y d ro g en ,  p s ia
M in u te s  on F e e d
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g en
M ethane
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N -P e n ta n e  
2, 2 -D M B  
2, 3 -D M B
2 -M P
3 -M P  
N -H ex an e
I s o m e r iz a t i o n ,  %
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
6 D
H -M o rd e n i te
230
1010 .
0 . 0 
0 . 0 
0. 7 
0. 0 
0 . 0 
0 . 0 
0 . 0 
2. 8 
2. 7















0 . 0 
0 . 0 
0. 5 
0 . 0 
0. 0 
0 . 0 
0 . 0 
2 . 8 
3. 2 
11. 4 
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R un N u m b e r 6 E
C a ta ly s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia
N -H e x an e ,  p s ia  
v / h r - V  
w / h r  -w
H -M o rd e n i te






H y d ro g en , p s ia  
M in u te s  on F e e d 300
354
340
P r o d u c t ,  m o le s  p e r
100 m o le s  N - C 6  fed
H y d ro g e n
M ethane
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e  
2, 2 -D M B  
2, 3 -D M B
2 -M P
3 -M P  
N -H ex an e  
C y c lo h ex an e
I s o m e r i z a t i o n ,  %
C ra c k in g ,  %
H y d ro g e n  B a la n c e ,  %
R a te  C o n s ta n t  k, c c / g m - s e c
320.
0 . 0 





0 . 0 
5. 9 
4. 6








0 . 0 
0 . 0 




0 . 0 
6 . 9 
4. 9
18. 2  
1 2 . 0 
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T A B L E  A
R U N  DATA
155
R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r -V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d r o g e n  B a l a n c e ,  %
R a t e  C o n s ta n t  k, c c / g m - s e c
6 F
H - M o r d e n i t e








1 0 1 0 .
0 . 0  
0 . 0  
0 . 9 
0 . 1  
0 . 1  




1 2 . 2
8 . 3 
72.  2
27. 2 
0 . 6  
9 9 . 9
1 0 1 0 .
0 . 0  
0 . 0  
0 . 8  
0 . 1  
0 . 1  
0 . 0  
0 . 0
3 . 4
3 . 4  
12. 3




9 9 . 9
0. 0 3 4
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R u n  N u m b e r 7A
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 15-0,
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 42
v / h r - v 2. 04
w / h r - w 1. 84
H y d ro g e n ,  p s i a 423
M in u te s  on F e e d 80 90
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 1 0 0 0 . 1 0 0 0 .
M e th an e 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 0. 7 0. 7
I - B u ta n e 0 . 1 0 . 1
N - B u ta n e 0 . 1 0 . 1
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2, 2 -D M B 3. 7 3 . 4
2, 3 -D M B 3. 7 3. 6
2 - M P 13. 3 13. 2
3 - M P 9. 2 9. 1
N -H e x a n e 69. 6 70. 2
I s o m e r i z a t i o n ,  % 29. 9 29. 3
C r a c k in g ,  % 0. 5 0. 5
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0 1 0 0 . 0
R a t e  C o n s t a n t  k, c c / g m - s e c 0 . o:
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T A B L E  A
RU N  DATA
157
R u n  N u m b e r 7B
C a t a l y s t  Type
Size ,  m m
H - M o r d e n i t e
0. 15-0 .  30
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 16
v / h r - V 2. 04
w / h r  -w 1. 84
H y d ro g e n ,  p s ia 449
M in u te s  on F e e d 1 2 0 130
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  f ed
H y d ro g en 2850. 2850.
M eth an e 0 . 0 0 . 0
E t h a n e 0 . 0 0 . 0
P r o p a n e 0. 5 0. 5
I - B u ta n e 0 . 0 0 . 0
N -B u ta n e 0 . 0 0 . 0
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2, 2 -D M B 1 . 6 1. 5
2, 3 -D M B 1. 7 1. 7
2 - M P 6 . 2 6 . 2
3 - M P 4. 2 4. 1
N -H e x a n e 8 6 . 1 8 6 . 3
I s o m e r i z a t i o n ,  % 13. 7 13. 5
C r a c k in g ,  % 0 . 2 0 . 2
H y d ro g e n  B a l a n c e ,  % 99. 8 99. 8
R ate  C o n s t a n t  k, c c / g m - s e c 0. 035
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
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R un  N u m b e r 7C
C a t a l y s t  Type
Size ,  m m
H - M o r d e n i t e
0. 15-0 .  30
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 42
v / h r - v 2. 04
w / h r  -w 1. 84
H y d ro g en ,  p s i a 423
M in u te s  on F e e d 1 6 0 180
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 1 0 0 0 . 1 0 0 0 .
M e th an e 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 1 . 2 0 . 8
I - B u ta n e 0 . 0 0 . 0
N -B u ta n e 0 . 1 0 . 1
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2, 2 -D M B 3. 5 3. 5
2, 3 -D M B 3. 5 3. 6
2 - M P 13. 1 13. 0
3 - M P 9. 2 9. 1
N -H e x an e 70. 0 70. 3
I s o m e r i z a t i o n ,  % 29. 3 29. 2
C r a c k in g ,  % 0 . 7 0. 5
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0 1 0 0 . 0
R a t e  C o n s t a n t  k, c c / g m - s e c 0. 033
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
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R u n  N u m b e r 7D
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N -H e x a n e ,  p s ia  
v / h r - v  
w / h r  -w
H y d ro g en ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P en ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e  
C yc lohexane
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a la n c e ,  %
R a t e  C o n s ta n t  k, c c / g m - s e c
H - M o r d e n i t e
0 . 1 5 - 0 . 3 0
500
465






0 . 0  
0 . 0  









48.  7 
0 . 2




0 . 0  
0 . 0  




0 . 1  




48.  2 
0 . 2
50. 4
1 . 2  
1 0 0 . 6
0. 027
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T A B L E  A
R U N  DATA
160
R un  N u m b e r 7E
C a t a l y s t  Type
Size ,  m m
H - M o r d e n i t e
0 . 1 5 - 0 , 3 0
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 42
v / h r - V 2. 04
w / h r  -w 1. 84
H ydrogen ,  p s i a 423
M in u te s  on F e e d 340 350
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y drogen 1 0 0 0 . 1 0 0 0 .
M e th an e 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 0 . 6 0 . 6
I - B u ta n e 0 . 1 0 . 1
N -B u ta n e 0 . 1 0 . 1
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2, 2 -D M B 3. 5 3. 5
2, 3-DM B 3, 8 3. 7
2 - M P 12. 7 1 2 . 6
3 - M P 8 . 8 8 . 8
N -H e x an e 70. 8 71. 0
I s o m e r i z a t i o n ,  % 28. 8 28. 6
C r a c k in g ,  % 0. 4 0. 4
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0 1 0 0 . 0
R ate  C o n s ta n t  k, c c / g m - s e c 0. 0 3 2
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R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
8 A
H - M o r d e n i t e






H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E t h a n e
P r o p a n e
I - B u t a n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %





0 . 0  
0 . 0  
0. 5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
3. 5 
3. 6  
13. 1 






0 . 0  
0 . 0  
0. 5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
3. 1 
3 . 4  
13. 0 
8 . 7 
71. 5
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T A B L E  A
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162
Run N u m b e r 8 B
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 074-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 16
v / h r - V 2. 04
w / h r  -w 2 . 18
H y d ro g e n ,  p s i a 449
M in u te s  on F e e d 90 1 0 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 2750. 2750.
M eth an e 0 . 0 0 . 0
E t h a n e 0 . 0 0 . 0
P r o p a n e 0. 3 0. 3
I - B u t a n e 0 . 0 0 . 0
N -B u ta n e 0 . 0 0 . 0
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2 ,2 - D M B 1. 3 1. 3
2 ,3 - D M B 1. 3 1. 3
2 - M P 5. 0 5. 0
3 - M P 3. 4 3. 2
N -H e x an e 8 8 . 8 89. 0
I s o m e r i z a t i o n ,  % 1 1 . 0 1 0 . 8
C r a c k in g ,  % 0 . 2 0 . 2
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0 1 0 0 . 0
R ate  C o n s ta n t  k, c c / g m - s e c 0. 033
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R u n  N u m b e r 8 C
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 074
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 41
v / h r - V 2. 04
w / h r  -w 2 . 18
H y d ro g e n ,  p s i a 424
M in u te s  on  F e e d 130 140
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  f ed
H y d ro g e n 970. 970.
M e th a n e 0 . 0 0 . 0
E t h a n e 0 . 0 0 . 0
P r o p a n e 0. 5 0. 4
I - B u t a n e 0 . 0 0 . 0
N - B u ta n e 0 . 0 0 . 0
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2 , 2 - D M B  , 3 . 4 3. 5
2 , 3 - D M B 3. 7 3. 8
2 - M P 12 .9 1 2 . 8
2 - M P 8 .7 8 . 7
N - H e x a n e 71. 1 71. 0
I s o m e r i z a t i o n ,  % 2 8 .7 28. 8
C r a c k i n g ,  % 0 . 2 0 . 2
H y d r o g e n  B a l a n c e ,  % 99. 0 99. 0
R a t e  C o n s t a n t  k,  c c / g m - s e c 0 . 039
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
164
Run  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
9A
H - M o r d e n i t e





2 . 0 2
H y d ro g e n ,  p s i a  
M in u te s  on F e e d 130
422
140
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y drogen
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P en ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H ex an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a t e  C o n s t a n t  k, c c / g m - s e c
9 8 0 .
0 . 0  
0 . 0  
0 . 9  
0 . 1  





1 2 . 6  
8 . 4  
71.  5
2 7 . 4
1 . 1  
99. 5
980.
0 . 0  
0 . 0  
0. 7 
0 . 1  
0 . 1  
0 . 1  
0 . 4  
3. 0 
3. 0 
1 2 . 8  
8 . 4  
7 1 .9
27. 2 
0 . 9  
99.  5
0. 032
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
T A B L E  A
RU N  DATA
165
R un  N u m b e r 9B
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N -H e x a n e ,  p s i a 42
v / h r - V 8 . 16
w / h r  -w 8 . 08
H y d ro g e n ,  p s i a 423
M in u te s  on F e e d 350 360
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 990. 990.
M eth an e 0 . 0 0 . 0
E t h a n e 0 . 0 0 . 0
P r o p a n e 0 . 0 0 . 0
I - B u ta n e 0 . 0 0 . 0
N -B u ta n e 0 . 0 0 . 0
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0. 5 0. 5
2, 2 -D M B 0 . 6 0 . 6
2, 3 -D M B 0 . 8 0 . 8
2 - M P 2 . 8 2 . 8
3 - M P 1 . 4 1 .4
N -H e x a n e 9 3 . 9 9 3 .9
I s o m e r i z a t i o n ,  % 5. 6 5. 6
C r a c k in g ,  % 0. 5 0. 5
H y d ro g e n  B a l a n c e ,  % 99. 1 99. 1
R a t e  C o n s t a n t  k, c c / g m - s e c 0 . 023
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
166
R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s ia  
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
9C
H - M o r d e n i t e








P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P en ta n e  
N - P e n t a n e
. 2 ,2 - D M B
2, 3 -DMB
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a la n c e ,  %
R a t e  C o n s ta n t  k, c c / g m - s e c
1050.
0 . 0 
0 . 0 
0 . 4  
0 . 0 
0 . 0 






9 2 . 4
7 . 4  
0 . 2 
99.  1
1050.
0 . 0 
0 . 0 
0 . 4  
0 . 0 
0 . 0 











R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
R UN DATA
167
Run N u m b e r 9D
C a t a l y s t  Type
Size ,  m m  
o
T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r - w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E t h a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
H - M o r d e n i t e
750
990.
0 . 0 
0 . 0 
0 . 4  
0 . 0 
0 . 0 
0 . 0  




6 . 0  
79. 8
2 0 . 0 
0 . 2  
99. 3









0 . 0  
0 . 0  
0. 4 
0 . 0  
0 . 0  
0 . 0 
0 . 0  
2 . 1  
2. 3 
8 . 7 
5. 7 
81. 0
18. 8  
0 . 2  
99. 3
0 . 028
R e p ro d u c e d  with p e rm iss ion  of th e  copyrigh t ow ner.  F u r th e r  rep roduction  prohibited w ithout perm iss ion .
T A B L E  A
RUN DATA
168
R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r  -w
9E
H - M o r d e n i t e






H y d ro g e n ,  p s i a  
M in u te s  on F e e d 820
423
830
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2 , 3 - D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d r o g e n  B a l a n c e ,  %
R a t e  C o n s t a n t  k, c c / g m - s e c
1000.
0 . 0  
0 . 0  
0 . 1  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1. 5 
1. 7 
6 . 3 
4. 0
8 6 . 4
13. 5 
0 . 1
9 9 . 4
1000.
0 . 0  
0 . 0  
0 . 1  
0 . 0  
0 . 0  
0 . 0  
0 . 0
1 .4  
1 .7
6 . 4  
4. 0
8 6 . 4
13. 5 
0 . 1
9 9 . 4
0. 030
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
T A B L E  A
RUN DATA
169
R un  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r  -w
9 F
H - M o r d e n i t e






H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E t h a n e
P r o p a n e
I - B u ta n e
N - B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
880
1020 .
0 . 0  
0 . 0  
0 . 6  
0 . 1  
0 . 1 
0 . 0 
0 . 0
3 . 4
3 . 4  
1 2 .4




1 0 2 0 .
0 . 0 
0 . 0  
0. 5 
0 . 1  
0 . 1  
0 . 1  
0 . 0  
3. 4 
3 . 4  
12. 3 
8 . 1  
72. 4
I s o m e r i z a t i o n ,  % '
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
2 7 . 4  




1 0 0 . 1
0. 0 3 3
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
T A B L E  A
RUN DATA
170
R un  N u m b e r lOAI
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N -H e x a n e ,  p s i a 43
v / h r - v 2. 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 1 2 0 130
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en 990. 990.
M ethane 0 . 0 0 . 0
E th an e 0 . 0 0 . 0
P r o p a n e 0. 5 0. 5
I - B u ta n e 0 . 1 0 . 1
N -B u ta n e 0 . 2 0 . 2
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2, 2 -D M B 3. 8 3. 9
2 , 3 - D M B 3. 4 3. 5
2 - M P 1 2 .4 12. 5
3 - M P 8 . 3 8 . 5
N -H e x an e 71. 6 71..1
I s o m e r i z a t i o n ,  % 27. 9 28. 4
C r a c k i n g ,  % 0. 5 0. 5
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0 1 0 0 . 0
R a t e  C o n s t a n t  k, c c / g m - s e c 0. 0 3 5
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
171
R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r - w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E t h a n e
P r o p a n e
I - B u t a n e
N - B u ta n e
1 -P e n ta n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
10A2
H - M o r d e n i t e









0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 8 
0 . 9 
3. 2 
2 . 1 
93.  0
7. 0 
0 . 0 
99.  9
970.
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0  
0 . 0  
0 . 8  
0 , 8
3. 2 
2 . 1  
93. 1




R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
R U N  DATA
172
Run  N u m b e r 10A3
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-1 .
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 42
v / h r - V 5. 44
w / h r  -w 5. 50
H y d ro g e n ,  p s i a 423
M in u te s  on F e e d 250 260
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 1 0 0 0 , 1 0 0 0 .
M e th an e 0 . 0 0 . 0
E th a n e 0 . 0 0 . 0
P r o p a n e 0 . 0 0 . 0
I - B u ta n e 0 . 0 0 . 0
N -B u ta n e 0 . 0 0 . 0
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 , 0 0 . 0
2, 2 -D M B 1. 3 1. 3
2, 3 -D M B 1. 3 1. 3
2 - M P 4 . 7 4. 7
3 - M P 3. 0 3. 0
N -H e x a n e 89. 7 89. 7
I s o m e r i z a t i o n ,  % 10. 3 10. 3
C r a c k in g ,  % 0 . 0 0 . 0
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0 1 0 0 . 0
R a t e  C o n s t a n t  k, c c / g m - s e c 0. 031
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
RUN DATA
173
R un  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N -H e x a n e ,  p s i a  
v / h r -V 
w / h r  -w
H yd ro g en ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E th a n e
P r o p a n e
I - B u ta n e
N - B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
10 A4
H - M o r d e n i t e









0 . 0  
0 . 0 
0. 5 









19. 6  
0 . 4  
99. 8
1050.
0 . 0 
0 . 0  
0. 4 
0 . 1  
0 . 1  
0 . 0  
0 . 0  
2 . 6  
2. 5 
8 . 7 
5. 8  
80. 0
19. 6  
0. 4 
99. 8
0. 0 3 2
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
T A B L E  A
RUN DATA
1 7 4
Run N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N -H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B 
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a l a n c e ,  %
R a t e  C o n s t a n t  k,  c c / g m - s e c
10A5
H - M o r d e n i t e









0 . 0  
0 . 0  
0 . 2  
0 . 0  
0 . 1  








0 . 2  
100. 0
980.
0 . 0  
0 . 0  
0 . 2  
0 . 0 
0 . 1 
0 . 0 
0 . 0 
1. 8 
1. 8 




0 . 2 
1 0 0 . 0
0. 031
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
175
Run N u m b e r I0A6
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - v 2. 04
w / h r  -w 2 . 06
H y d ro g en ,  p s i a 422
M in u te s  on F e e d 400 410
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 980. 9 8 0 .
M e th an e 0 . 0 0 . 0
E t h a n e 0 . 0 0 . 0
P r o p a n e 0. 5 0. 5
I - B u ta n e 0 . 1 0 . 1
N - B u ta n e 0 . 2 0 . 2
I - P e n t a n e 0 . 0 0 . 0
N - P e n t a n e 0 . 0 0 . 0
2, 2 -D M B 3 . 9 3 . 9
2 , 3 - D M B 3. 5 3. 5
2 - M P 12 .7 12. 7
3 - M P 8 . 5 8 . 5
N -H e x a n e 70. 9 70. 9
I s o m e r i z a t i o n ,  % 28. 6 28. 6
C r a c k i n g ,  % 0. 5 0. 5
H y d r o g e n  B a l a n c e ,  % 9 9 . 9 . 9 9 . 9
R a t e  C o n s t a n t  k, c c / g m - s e c 0. 0 3 5
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
176
Run  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2 - M P ,  p s i a  
v / h r - v  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2 - M P  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B 
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k in g ,  %
H y d ro g e n  B a la n c e ,  %
lOBl
H - M o r d e n i t e










0 . 0 
4 . 4
5. 8






2 7 . 4
5 . 7
44. 4 
1 2 . 2
100 . 0
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
177
T A B L E  A
R U N  DATA
Run N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2 - M P ,  p s i a  
v / h r - v  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2 - M P  fed
H y d ro g e n
M eth an e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N - H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k in g ,  %
H y d r o g e n  B a l a n c e ,  %
10B2
H - M o r d e n i t e



















2 0 . 1
1. 3
29. 1
3 . 4  
100 . 0
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
178
T A B L E  A
RU N  DATA
Run N u m b e r 10B3
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-1,
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2 - M P ,  p s i a 42
v / h r - v . 5 . 4 4
w / h r  -w 5. 50
H y d ro g en ,  p s i a 423
M in u te s  on F e e d 580
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2 - M P  fed
H y d ro g e n 1 0 2 0 .
M e th a n e 0 . 0
E th a n e 0 . 0
P r o p a n e 1. 3
I - B u t a n e 1 .7
N -B u ta n e 0 . 8
I - P e n t a n e 1 .7
N - P e n t a n e 0. 5
2 , 2 - D M B 0 . 9
2, 3 -D M B 8 . 2
2 - M P 57. 2
3 - M P 27. 6
N -H e x a n e 1 .9
I s o m e r i z a t i o n ,  % 38. 6
C r a c k i n g ,  % 4. 2
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
179
Run  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2 - M P ,  p s i a  
v / h r - v  
w / h r - w
H y d ro g en ,  p s i a
M in u te s  on F e e d
10B4
H - M o r d e n i t e








P r o d u c t ,  m o l e s  p e r
100 m o l e s  2 - M P  fed
H y d ro g e n
M eth a n e
E th a n e
P r o p a n e
I - B u t a n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
1030.
0 . 0 
0. 0











7 . 9  
9 9 .9
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
180
R un  N u m b e r 10B5
C a t a l y s t  Type 
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2 - M P ,  p s i a  
v / h r - V  
w / h r - w
H - M o r d e n i t e






H ydrogen ,  p s i a  
M in u te s  on F e e d
423
660
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2 - M P  fed
H y d ro g e n
M eth an e
E th a n e
P r o p a n e
I - B u ta n e
N - B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
1010.
0 . 0 
0 . 0 
2. 6 
2 . 4  





5 2 .9  
28. 8
2. 7
3 8 .7  
5. 8
9 9 .9
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T A B L E  A
RUN DATA
R un  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2 - M P ,  p s i a  
v / h r - V  
w / h r  -w
10B6
H - M o r d e n i t e






H y d ro g e n ,  p s i a  
M in u te s  on F e e d
423
700
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2 - M P  fed
H y d ro g e n
M eth an e
E t h a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N - H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k i n g ,  %
H y d ro g e n  B a l a n c e ,  %
1020.




2 . 0 
5. 1 
0 . 9  
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T A B L E  A
R u n  N u m b e r
RUN DATA
lOCl
C a t a l y s t  T ype H - M o r d e n i t e
S ize ,  m m 0 . 3 0 - 1 .
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
3 - M P ,  p s i a 42
v / h r - V 2. 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 423
M in u te s  on F e e d 7 60
P r o d u c t ,  m o l e s  p e r
100 m o l e s  3 - M P  fed
H y d ro g e n 1 0 1 0 .
M e th an e 0 . 0
E th a n e 0 . 0
P r o p a n e 3. 7
I - B u ta n e 5. 1
N -B u ta n e 1 .9
I - P e n t a n e 4. 5
N - P e n t a n e 0 . 6
2, 2 -D M B 1. 5
2 , 3 - D M B 8 . 8
2 - M P 3 3 .3
3 - M P 41. 8
N -H e x a n e 3. 8
I s o m e r i z a t i o n ,  % 4 7 , 4
C r a c k i n g ,  % 1 0 , 8
H y d ro g e n  B a l a n c e ,  % 9 9 . 9
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T A B L E  A
RUN DATA
R un N u m b e r 10C2
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
3 - M P ,  p s i a  
v / h r - V  
w / h r - w
H - M o r d e n i t e






H yd ro g en ,  p s i a  
M in u te s  on F e e d
420
800
P r o d u c t ,  m o l e s  p e r
100 m o l e s  3 - M P  fed
H y d ro g e n
M ethane
E th a n e
P r o p a n e
I - B u ta n e
N - B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N - H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
930.
0 . 0 













1 0 0 . 0
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T A B L E  A
RUN DATA
R un  N u m b e r 10C3
C a t a l y s t  Type H - M o r d e n i t e
S i z e , m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
3 - M P ,  p s i a 43
v / h r - V 5. 44
w / h r  -w 5. 50
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 820
P r o d u c t ,  m o l e s  p e r
100 m o l e s  3 - M P  fed
H y d ro g e n 970.
M e th a n e 0 . 0
E th a n e 0 . 0
P r o p a n e 1. 5
I - B u t a n e 1 .9
N - B u ta n e 0. 5
I - P e n t a n e 1 . 4
N - P e n t a n e 0 . 4
2, 2 -D M B 0. 7
2, 3 -D M B 6 . 4
2 - M P 24. 8
3 - M P 62. 2
N -H e x a n e 2 . 0
I s o m e r i z a t i o n ,  % 3 3 .9
C r a c k in g ,  % 3 .9
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
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T A B L E  A
RUN DATA
Run N u m b e r 10C4
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0 . 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
3 - M P ,  p s i a 44
v / h r -V 2. 72
w / h r  -w 2. 75
H y d ro g e n ,  p s i a 421
M in u te s  on F e e d 850
P r o d u c t ,  m o l e s  p e r
100 m o l e s  3 - M P  fed
H y d ro g en 9 6 0 .
M e th a n e 0 . 0
E th a n e 0 . 0
P r o p a n e 2 .9
I - B u t a n e 3 .9
N -B u ta n e 1 .4
I - P e n t a n e 3. 5
N - P e n t a n e 0 . 6
2, 2 -D M B 1 . 2
• 2 , 3 - D M B 8 . 2
2 - M P 33. 2
3 - M P 46. 0
N -H e x a n e 3. 0
I s o m e r i z a t i o n ,  % 45. 6
C r a c k in g ,  % 8 . 4
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
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T A B L E  A
RU N  DATA
186
R un  N u m b e r 10C5
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
3 - M P ,  p s i a 43
v / h r - V 4. 08
w / h r  -w 4. 12
H yd ro g en ,  p s i a 422
M in u te s  on F e e d 880
P r o d u c t ,  m o l e s  p e r
100 m o l e s  3 - M P  fed
H yd ro g en 980.
M eth an e 0 . 0
E th an e 0 . 0
P r o p a n e 1 . 8
I - B u ta n e 2 . 2
N -B u ta n e 0 . 8
I - P e n t a n e 2 . 0
N - P e n t a n e 0. 3
2, 2 -D M B 0 . 8
2, 3 -D M B 7. 3
2 - M P 2 9 . 0
3 - M P 55. 7
N -H e x an e 2 . 4
I s o m e r i z a t i o n ,  % 39. 5
C r a c k i n g ,  % 4. 8
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 1
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T A B L E  A
RU N  DATA
R u n  N u m b e r 10C6
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
3 - M P ,  p s i a  
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  3 - M P  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u t a n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N - H e x a n e
I s o m e r i z a t i o n ,  % 
C r a c k i n g ,  %
H y d r o g e n  B a l a n c e , %
H - M o r d e n i t e





















46. 6  
11 . 0 
1 0 0 . 0
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T A B L E  A
RUN DATA
Run N u m b e r
C a t a l y s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 2 -D M B ,  p s i a
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 2 -D M B  fed
H y d ro g e n
M eth a n e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
101)1
H - M o r d e n i t e









0 . 0 












1 . 1  
100 . 0
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RUN DATA
189
R un  N u m b e r 10D2
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-;
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 2 -D M B ,  p s i a 45
v / h r - V 8 . 16
w / h r  -w 8 . 24
H y d ro g e n ,  p s i a 420
M in u te s  on F e e d 970
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 2 -D M B  fed
H y d ro g e n 930.
M eth an e 0 . 0
E th a n e 0 . 0
P r o p a n e 0 . 6
I - B u t a n e 0. 3
N - B u ta n e 0 . 2
I - P e n t a n e 0 . 2
N - P e n t a n e 0 . 2
2, 2 -D M B 97. 6
2, 3 -D M B 0. 3
2 - M P 0. 5
3 - M P 0. 4
N - H e x a n e 0 . 2
I s o m e r i z a t i o n ,  % 1 . 4
C r a c k i n g ,  % 1 . 0
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
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RUN DATA
190
R un  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 2 -D M B ,  p s i a  
v /h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 2 -D M B  fed
H y d ro g e n
M eth a n e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B 
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a l a n c e ,  %
10D3
H - M o r d e n i t e









0 . 0  
0 . 0  
0. 5 
0. 3 
0 . 2  
0 . 2
0 . 2  
97. 1 
0 . 4  
0 . 7  
0 . 6 
0. 3
2. 0 
0 . 9  
100 . 0
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RU N  DATA
191
R un  N u m b e r 10D4
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 2 -D M B ,  p s i a 42
v / h r - v 2. 72
w / h r - w 2. 75
H y d ro g e n ,  p s i a 423
M in u te s  on F e e d 1 0 2 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 2 -D M B  fed
H y d ro g e n 1 0 0 0 .
M e th an e 0 . 0
E t h a n e 0 . 0
P r o p a n e 0 . 6
I - B u t a n e 0. 3
N - B u ta n e 0 , 2
I - P e n t a n e 0. 3
N - P e n t a n e . 0 . 2
2, 2 -D M B 94. 7
2, 3 -D M B 0 . 9
2 - M P 1. 4
3 - M P 1 . 2
N - H e x a n e 0. 7
I s o m e r i z a t i o n ,  % 4. 2
C r a c k i n g ,  % 1 . 1
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T A B L E  A
RU N  DATA
192
R u n  N u m b e r 10D5
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 2 -D M B ,  p s i a 43
v / h r - v 4. 08
w / h r  -w 4. 12
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 1040
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 2 -D M B  fed
H y d ro g e n 9 8 0 .
M e th a n e 0 . 0
E th a n e 0 . 0
P r o p a n e 0 . 6
I - B u t a n e 0. 3
N -B u ta n e 0 . 2
I - P e n t a n e 0 . 2
N - P e n t a n e 0 . 2
2, 2 -D M B 96. 3
2, 3 -D M B 0 . 6
2 - M P 0 . 9
3 - M P 0 . 8
N -H e x a n e 0, 4
I s o m e r i z a t i o n ,  % 2. 7
C r a c k i n g ,  % 1 . 0
H y d r o g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN DATA
193
R u n  N u m b e r 10D6
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 2 -D M B ,  p s i a 42
v / h r - V 2. 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 423
M in u te s  on F e e d 1070
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 2 -D M B  fed
H y d ro g e n 1 0 1 0 .
M e thane 0 . 0
E t h a n e 0 . 0
P r o p a n e 0 , 6
I - B u ta n e 0. 3
N -B u ta n e 0 . 2
I - P e n t a n e 0. 3
N - P e n t a n e 0 . 2
2, 2 -D M B 93. 2
2, 3 -D M B 1 . 2
2 - M P 1 .9
3 - M P 1. 7
N -H e x a n e 0 . 9
I s o m e r i z a t i o n ,  % 5. 7
C r a c k i n g ,  % 1 . 1
H y d r o g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T A B L E  A
R U N  DATA
194
R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
lO E l
H - M o r d e n i t e






H y d ro g en ,  p s i a  
M in u te s  on F e e d
423
1140
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en
M eth a n e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k, c c / g m - s e c
1000 .
0 . 0 
0 . 0 
0 . 6 
0 . 1 
0 . 2 
0 . 0  
0 . 0  
3. 8  
3. 5 
12. 6 
8 . 4 
71.  2
28. 3 
0.  5 
99. 8
0. 0 3 4
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R U N  DATA
195
R u n  N u m b e r 10E2
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-:
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 8 . 16
w / h r  -w 8 . 24
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 1160
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 970.
M eth an e 0 . 0
E th an e 0 . 0
P r o p a n e 0 . 0
I - B u ta n e 0 . 0
N -B u ta n e 0 . 0
I - P e n t a n e 0 . 0
N - P e n t a n e 0 . 0
2, 2 -D M B 0 . 8
2, 3 -D M B 0 . 8
2 - M P 3. 1
3 - M P 2 . 1
N - H e x a n e 93. 2
I s o m e r i z a t i o n ,  % 6 . 8
C r a c k in g ,  % 0 . 0
H y d ro g e n  B a l a n c e ,  % 99. 8
R a te  C o n s t a n t  k, c c / g m - s e c 0 . 031
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RU N  DATA
196
Run N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r  -w
10E3
H - M o r d e n i t e
0, 3 0 - 1 .4 1
500
4 6 5 -
42
5 . 4 4
5. 50
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a l a n c e ,  %




0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  
1. 3 





0 . 0  
100. 0
0. 031
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T A B L E  A
RU N  DATA
197
R un  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
I0 E 4
H - M o r d e n i t e








P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E t h a n e
P r o p a n e
I - B u t a n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N - H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d r o g e n  B a l a n c e ,  %
R a t e  C o n s t a n t  k,  c c / g m - s e c
1050.
0 . 0  
0 . 0  
0. 5 
0 . 1  
0 . 1  
0 . 0  
0 . 0  
2 . 6  
2. 4 
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T A B L E  A
RU N  DATA
198
R un N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E t h a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
10E5
H - M o r d e n i t e








1 0 1 0 .
0 . 0 
0 . 0  
0 . 2  . 
0 . 1  
0 . 1 
0 . 0 







0 . 2 
100. 0
0. 031
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RUN DATA
199
R un  N u m b e r 10E6
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 30 -1 .  41
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 42
v / h r - v 2. 04
w / h r - w 2 . 06
H y d ro g e n ,  p s i a 423
M in u te s  on F e e d 1290
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 1 0 0 0 .
M e th a n e 0 . 0
E th an e 0 . 0
P r o p a n e 0 . 6
I - B u ta n e 0 . 1
N -B u ta n e 0 . 2
I - P e n t a n e 0 . 0
N - P e n t a n e 0 . 0
2, 2 -D M B 3. 8
2, 3 -D M B 3 . 4
2 - M P 1 2 .4
3 - M P 8 . 4
N -H e x a n e 71. 5
I s o m e r i z a t i o n ,  % 28. 0
C r a c k in g ,  % 0. 5
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
R a t e  C o n s ta n t  k, c c / g m - s e c 0. 033
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RU N  DATA
R un  N u m b e r l l A
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 30-1,
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 1 2 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 1 0 0 0 .
M e th an e 0 , 0
E th a n e 0 . 0
P r o p a n e 0, 5
I - B u t a n e 0 . 1
N -B u ta n e 0 . 2
I - P e n t a n e 0 . 0
N - P e n t a n e 0 . 0
2, 2 -D M B 3. 8
2, 3 -D M B 3. 5
2 - M P 1 2 .4
3 - M P 8 . 4
N -H e x a n e 71. 4
I s o m e r i z a t i o n ,  % 28. 1
C r a c k i n g ,  % 0. 5
H y d r o g e n  B a l a n c e ,  % 1 0 0 . 0
R a t e  C o n s t a n t  k, c c / g m - s e c 0. 0 3 4
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T A B L E  A
R U N  DATA
201
R u n  N u m b e r I I B
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r - w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 150
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 1 0 0 0 .
M e th an e 0 . 0
E th a n e 0 . 0
P r o p a n e 0. 5
I - B u t a n e 0 , 1
N - B u ta n e 0 , 2
I - P e n t a n e 0 , 0
N - P e n t a n e 0 . 0
2, 2 -D M B 3. 9
2, 3 -D M B 3. 5
2 - M P 1 2 . 6
3 - M P 8 . 5
N -H e x an e 71. 0
I s o m e r i z a t i o n ,  % 28. 5
C r a c k i n g ,  % 0. 5
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
R a t e  C o n s t a n t  k, c c / g m - s e c G. 035
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
202
T A B L E  A
RUN DATA
R un  N u m b e r l i e
C a t a l y s t  Type
Size ,  m m
H - M o r d e n i t e
G. 30-1 ,  41
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N -H e x a n e ,  p s i a 43
v / h r - V 2, 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 180
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 1 0 0 0 .
M e th a n e 0 . 0
E t h a n e 0 . 0
P r o p a n e 0. 5
I - B u ta n e 0 . 1
N - B u ta n e 0 . 2
I - P e n t a n e 0 . 0
N - P e n t a n e 0 . 0
2, 2 -D M B 3. 9
2, 3 -D M B 3. 5
2 - M P 1 2 . 6
3-M.P 8 . 5
N -H e x an e 70. 8
I s o m e r i z a t i o n ,  % 28. 5
C r a c k in g ,  % 0. 5
H y d r o g e n  B a la n c e ,  % 99. 9
R a t e  C o n s t a n t  k,  c c / g m - s e c 0 . 035
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
203
T A B L E  A
RUN DATA
R un  N u m b e r I l D
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 3 -D M B ,  p s i a 43
v / h r - V 2. 04
w / h r - w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 2 1 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n 990.
M e th a n e 0 . 0
E th an e 0 . 0
P r o p a n e 4 . 7
I - B u ta n e 8 . 2
N - B u ta n e 1 .7
I - P e n t a n e 6 . 2
N - P e n t a n e 0 . 6
2, 2 -D M B 0 . 8
2, 3 -D M B 2 4 .7
2 - M P  and  3 - M P 53. 5
N - H e x a n e 5 . 4
C y c lo h ex a n e 1 . 0
I s o m e r i z a t i o n ,  % 59. 7
C r a c k in g ,  % 14. 6
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un N u m b e r H E
C a t a l y s t  Type
Size,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 3 -D M B ,  p s i a  
v / h r - v  
w / h r - w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
H - M o r d e n i t e








P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n
M ethane
E th an e
P r o p a n e
I - B u ta n e
N - B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P  a n d  3 - M P  
N -H e x a n e  
C y c lo h ex a n e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
990.
0 . 0 
0. 0 
4. 1 
6 . 3 
1. 6 
4. 6  
0. 5 
0. 5 
36. 6  
46. 7 
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T A B L E  A
RU N  DATA
Run N u m b e r 11F
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 3 -D M B ,  p s i a  
v / h r - v  
w / h r  -w
H - M o r d e n i t e






H yd ro g en ,  p s i a  
M in u te s  on F e e d
422
230
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N - B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P  and  3 - M P  
N -H e x an e  
C y c lo h ex an e
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a l a n c e ,  %
990.
0 . 0 





0 . 4  
0 . 4
4 2 . 9
4 4 . 2
2 . 6 
0 .7
47. 2 
9 . 2  
99.  8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T A B L E  A
R U N  DATA
2 0 6
R un  N u m b e r I I G
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 3 -D M B ,  p s i a 43
v / h r - v 2. 04
w / h r  -w 2 . 06
H y d ro g en ,  p s i a 422
M in u te s  on  F e e d 240
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n 990.
M e th a n e 0 . 0
E th a n e 0 . 0
P r o p a n e 3 . 4
I - B u ta n e 4. 3
N -B u ta n e 1 . 0
I - P e n t a n e 3. 2
N - P e n t a n e 0 . 4
2, 2 -D M B 0. 3
2, 3 -D M B 4 7 .7
2 - M P  and  3 - M P 41. 0
N -H e x a n e 2 . 1
C yclohexane 0 .7
I s o m e r i z a t i o n ,  % 43. 4
C r a c k in g ,  % 8 . 2
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un  N u m b e r I I H
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 3 -D M B ,  p s i a 43
v / h r - v 2. 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 250
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n 990.
M ethane 0 . 0
E t h a n e 0 . 0
P r o p a n e 3. 3
I - B u ta n e 3 . 9
N -B u ta n e 0 . 9
I - P e n t a n e 2 . 8
N - P e n t a n e 0 . 4
2, 2 -D M B 0. 3
2, 3 -D M B 48. 0
2 - M P  and  3 - M P 4 1 .7
N -H e x a n e 2 . 0
C yc lo h ex an e 0. 5
I s o m e r i z a t i o n ,  % 44. 0
C r a c k i n g ,  % 7. 5
H y d r o g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20 8
T A B L E  A
R UN DATA
R un N u m b e r 1 1 1
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 3 -D M B ,  p s i a 43
v / h r - v 2. 04
w / h r  -w 2 . 0 6
H yd ro g en ,  p s i a 422
M inu tes  on F e e d 260
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g en 990.
M ethane 0 . 0
E t h a n e 0 . 0
P r o p a n e 2 .7
I - B u ta n e 3 . 5
N - B u ta n e 0 .7
I - P e n t a n e 2 .3
N - P e n t a n e 0. 3
2, 2 -D M B 0. 3
2, 3 -D M B 4 8 . 9
2 - M P  and  3 - M P 42. 3
N -H e x an e 1 .9
C yc lohexane 0. 3
I s o m e r i z a t i o n ,  % 44. 5
C r a c k in g ,  % 6 . 3
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T A B L E  A
R U N  DATA
209
R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 3 -D M B ,  p s i a  
v / h r - v  
w / h r  -w
I I J
H - M o r d e n i t e




2 . 0 4
2 . 06
H yd ro g en ,  p s i a  
M in u te s  on F e e d
422
270
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n
M eth a n e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3-DM B
2 - M P  and  3 - M P  
N -H e x an e  
C yc lohexane
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a l a n c e ,  %
990. 
0 . 0 
0 . 0 
2 . 6  
2 . 6  
0 . 6 
1 .9  
0 . 2 
0 . 2  
5 1 .7  
41.  1 
1. 6 
0 . 2
4 2 . 9  
5. 2 
100. 0
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T A B L E  A
RUN DATA
210
Run N u m b e r I I K
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-:
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 3 -D M B ,  p s i a 43
v / h r - V 2. 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 280
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g en 990.
M eth an e 0 . 0
E th an e 0 . 0
P r o p a n e 2 . 2
I - B u ta n e 2. 3
N - B u ta n e 0. 5
I - P e n t a n e 1 .4
N - P e n t a n e 0 . 2
2, 2 -D M B 0 . 1
2, 3 -D M B 53 .7
2 - M P  and  3 - M P 40. 5
N -H e x an e 1. 3
C y c lo h ex a n e 0 . 0
I s o m e r i z a t i o n ,  % 41. 9
C r a c k in g ,  % 4 . 4
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un N u m b e r I I L
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 3 -D M B ,  p s i a 43
v / h r - V 2. 04
w / h r - w 2 . 06
H yd ro g en ,  p s i a 422
M in u te s  on F e e d 2 9 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n 990.
M e th a n e 0 . 0
E t h a n e 0 . 0
P r o p a n e 2 . 0
I - B u ta n e 1 . 8
N - B u ta n e 0 . 4
I - P e n t a n e 1 . 1
N - P e n t a n e 0 . 2
2, 2 -D M B 0 . 1
2, 3 -D M B 56. 1
2 - M P  and  3 - M P 39. 1
N - H e x a n e 1 . 1
C y c lo h ex a n e 0 . 0
I s o m e r i z a t i o n ,  % 40. 3
C r a c k i n g ,  % 3 . 6
H y d ro g e n  B a l a n c e ,  % 1 0 0 . 0
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
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T A B L E  A
R U N  DATA
R un  N u m b e r I I M
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 30-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2 , 3 - D M B ,  p s i a 43
v / h r - v 2. 04
w / h r  -w 2 . 0 6
H y d ro g en ,  p s i a 422
M in u te s  on  F e e d 300
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n 990.
M e th a n e 0 . 0
E t h a n e 0 . 0
P r o p a n e 1 . 8
I - B u t a n e 1 . 6
N - B u ta n e 0 . 2
I - P e n t a n e 0 . 9
N - P e n t a n e 0 . 1
2, 2 -D M B 0 . 1
2, 3 -D M B 5 7 . 4
2 - M P  an d  3 - M P 38. 5
N -H e x a n e 1 . 1
C y c lo h ex a n e 0 . 0
I s o m e r i z a t i o n ,  % 3 9 .7
C r a c k i n g ,  % 2 . 9
H y d r o g e n  B a l a n c e ,  % 1 0 0 . 2
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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T A B L E  A
RUN DATA
R un N u m b e r U N
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-:
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N -H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r - w 2 . 06
H yd ro g en ,  p s i a 422
M in u te s  on F e e d 350
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 990.
M eth an e 0 . 0
E t h a n e 0 . 0
P r o p a n e 0. 5
I - B u ta n e 0 . 2
N -B u ta n e 0 . 2
I - P e n t a n e 0 , 1
N - P e n t a n e 0 , 1
2, 2 -D M B 1 . 4
2 , 3 - D M B 1 . 8
2 - M P 5. 2
3 - M P 3. 3
N -H e x an e 87. 6
I s o m e r i z a t i o n ,  % 11. 7
C r a c k in g ,  % 0. 7
H y d r o g e n  B a l a n c e ,  % 9 9 .9
R a te  C o n s t a n t  k, c c / g m - s e c 0 . 0
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
T A B L E  A
RU N  DATA
214
R un  N u m b e r n o
C a t a l y s t  Type  .. . . H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r  -w 2 . 06
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 360
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 990.
M ethane 0 . 0
E th a n e 0 . 0
P r o p a n e 0 . 6
I - B u ta n e 0 . 2
N -B u ta n e 0 . 2
I - P e n t a n e 0 . 1
N - P e n t a n e 0 . 1
2, 2-DM B 1. 5
2, 3 -D M B 1.9
2 - M P 5. 2
3 - M P 3. 3
N -H e x an e 8 7 . 4
I s o m e r i z a t i o n ,  % 11 .9
C r a c k in g ,  % 0. 7
H y d ro g e n  B a l a n c e ,  % 9 9 . 9
R a t e  C o n s t a n t  k,  c c / g m - s e c 0 . 013
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
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T A B L E  A
RUN DATA
R un  N u m b e r I I P
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N -H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
H - M o r d e n i t e






H y d ro g e n ,  p s i a  
M in u te s  on F e e d
422
370
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en
M ethane
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
990. 
0 . 0  
0 . 0
0. 5 
0 . 2 
0 . 2 
0 . 1 
0 . 1
1. 5 








R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
T A B L E  A
RUN DATA
21 6
R un  N u m b e r I2A
C a t a l y s t  Type
Size ,  m m
H - M o r d e n i t e
0, 30 -1 .  41
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r  -w 1. 98
H yd ro g en ,  p s i a 422
M in u te s  on F e e d 1 2 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 9 8 0 .
M e thane 0 . 0
E th a n e 0 . 0
P r o p a n e 0 . 4
I - B u ta n e 0 . 2
N - B u ta n e 0. 3
I - P e n t a n e 0 . 2
N - P e n t a n e 0 . 1
2, 2 -D M B 4. 3
2 , 3 - D M B 4. 5
2 - M P 1 5 .4
3 - M P 9. 6
N -H e x an e 65. 4
I s o m e r i z a t i o n ,  % 33. 8
C r a c k in g ,  % 0 . 8
H y d ro g e n  B a l a n c e ,  % 9 9 . 9
R a t e  C o n s t a n t  k,  c c / g m - s e c 0. 042
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
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T A B L E  A
RU N  DATA
R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
H yd ro g en ,  p s i a
M in u te s  on F e e d
12B
H - M o r d e n i t e





1 . 9 8
467
150
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a t e  C o n s ta n t  k, c c / g m - s e c
980.
0 . 0 
0 . 0 
0 . 4  
0 . 1 
0 . 2 
0 . 2 
0 . 1 
4. 0 
4. 0 
14 .0  
9. 1 
6 8 . 3
31. 1 
0. 6 
9 9 . 9
0 . 0 3 4
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R u n  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r  -w
H yd ro g en ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth a n e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B
2 ,3 - D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a la n c e ,  %
R a t e  C o n s ta n t  k, c c / g m - s e c
12C
H - M o r d e n i t e









0 . 0 
0 . 0  
0. 4 
0 . 1 
0. 3 
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R un  N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r  -w
H y d ro g en ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M ethane
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d r o g e n  B a la n c e ,  %
R a t e  C o n s ta n t  k,  c c / g m - s e c
12D
H - M o r d e n i t e









0 . 0 
0 . 0 
0 . 4  
0 . 1 
0. 3
0 . 2  
0 . 1
3 .7
3 .7  
13. 0
8 . 4  
70. 5
28. 8  
0. 7
9 9 . 9
0. 025
R e p ro d u c e d  with pe rm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
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T A B L E  A
RUN DATA
R u n  N u m b e r
C a t a l y s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r  -w
I 2 E
H - M o r d e n i t e






H y d ro g en ,  p s i a  
M in u te s  on F e e d
603
260
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en
M ethane
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -D M B
■ 2 , 3 - D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a t e  C o n s t a n t  k, c c / g m - s e c
980.
0 . 0  
0 . 0  
0 . 4  
0 . 1  
0. 3 
0 . 2  
0 . 1  
3. 7 
3. 6  
12. 5 
7. 6  
71. 9
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R un  N u m b e r 12F
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / v / h r 2. 04
w / h r  -w 1 .9 8
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 2 9 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 980.
M eth an e 0 . 0
E t h a n e 0 . 0
P r o p a n e 0. 4
I - B u ta n e 0 . 1
N -B u ta n e 0. 3
I - P e n t a n e 0 . 2
N - P e n t a n e 0 . 1
2, 2 -D M B 4 . 4
2, 3 -D M B 4 . 4
2 - M P 15. 3
3 - M P 9 . 4
N -H e x an e 65. 8
I s o m e r i z a t i o n ,  % 33. 5
C r a c k in g ,  % 0. 7
H y d ro g e n  B a la n c e ,  % 9 9 . 9
R a te  C o n s ta n t  k, c c / g m - s e c 0 . 041
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RU N  DATA
R un  N u m b e r 12G
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N -H e x a n e ,  p s i a 43
v / h r - v 2. 04
w / h r  -w 1 .9 8
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 430
P r o d u c t ,  m o l e s  p e r
ICO m o l e s  N - C 6  fed
H y d ro g en 9 8 0 .
M e th an e 0 . 0
E th an e 0 . 0
P r o p a n e 0. 5
I - B u ta n e 0 . 2
N -B u ta n e 0. 3
I - P e n t a n e 0 . 2
N - P e n t a n e 0 . 1
2, 2 -D M B 4. 3
2, 3 -D M B 4.  5
2 - M P 15. 2
3 - M P 9 . 7
N -H e x an e 65. 5
I s o m e r i z a t i o n ,  % 33. 7
C r a c k i n g ,  % 0 . 8
H y d ro g e n  B a l a n c e ,  % 9 9 . 0
R a t e  C o n s ta n t  k, c c / g m - s e c 0 . 0 4 2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un  N u m b e r 12H
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - V  
w / h r  -w
H - M o r d e n i t e





1 . 9 8
H y d ro g e n ,  p s ia  
M in u te s  on F e e d
377
470
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y drogen
M eth a n e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P en ta n e  
N - P e n t a n e  
2, 2 -D M B
2 , 3 - D M B
2 - M P
3 - M P  
N -H e x a n e
9 8 0 .
0 . 0  
0 . 0  
0 .7  
0. 3 
0 . 4  
0. 3 
0 . 2  
4. 4 
4. 5 
16. 1  
10. 1 
63 .7
I s o m e r i z a t i o n ,  %
C r a c k i n g ,  %
H y d ro g e n  B a la n c e ,  %
R a t e  C o n s t a n t  k,  c c / g m - s e c
35. 1 
1 . 2  
9 9 .9
0. 049
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R u n  N u m b e r 1 2 1
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 365
N - H e x a n e ,  p s i a 34
v / h r - V 2. 04
w / h r  -w 1 . 9 8
H y d ro g e n ,  p s i a 331
M in u te s  on F e e d 500
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 9 8 0 .
M e th an e 0 . 0
E t h a n e 0 , 0
P r o p a n e 1 . 0
I - B u ta n e 0. 5
N - B u ta n e 0 . 4
I - P e n t a n e 0. 3
N - P e n t a n e 0 . 1
2, 2 -D M B 5. 6
2, 3 -D M B 4 . 4
2 - M P 17.1
3 - M P 10. 3
N -H e x an e 61. 2
I s o m e r i z a t i o n ,  % 3 7 . 4
C r a c k i n g ,  % 1 .4
H y d r o g e n  B a l a n c e ,  % 9 9 .9
R a t e  C o n s t a n t  k, c c / g m - s e c 0. 0 6 2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un  N u m b e r 12J
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-:
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 315
N -H e x an e ,  p s i a 29
v / h r - v 2. 04
w / h r  -w 1 .9 8
H yd ro g en ,  p s i a 286
M in u te s  on F e e d 530
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 9 8 0 .
M e thane 0 . 0
E th an e 0 . 0
P r o p a n e 1 . 4
I - B u ta n e 0 . 8
N -B u ta n e 0 . 4
I - P e n t a n e 0 . 6
N - P e n t a n e 0 . 1
2, 2 -D M B 6 . 5
2, 3 -D M B 4 . 4
2 - M P 19 .0
3 - M P 1 2 . 0
N -H e x an e 56. 0
I s o m e r i z a t i o n ,  % 4 1 .7
C r a c k in g ,  % 2 . 1
H y d ro g e n  B a l a n c e ,  % 9 9 .9
R a te  C o n s ta n t  k,  c c / g m - s e c 0 . 085
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN DATA
226
R un  N u m b e r 12K
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r - w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
H - M o r d e n i t e








P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n
M eth an e
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B
2 , 3 - D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
980.
0 . 0 
0 . 0
1 . 4  










2 . 2  
9 9 . 9
0 . 068
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T A B L E  A
RUN DATA
R un N u m b e r  
C a t a l y s t  Type
12L
H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r  -w 1 . 98
H yd ro g en ,  p s i a 422
M in u te s  on F e e d 590
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 9 8 0 .
M e thane 0 . 0
E th an e 0 . 0
P r o p a n e 0 . 6
I - B u ta n e 0. 3
N - B u ta n e 0 . 2
I - P e n t a n e 0. 3
N - P e n t a n e 0 . 2
2, 2 -D M B 3. 5
2 , 3 - D M B 2 . 6
2 - M P 1 1 .4
3 - M P 7. 5
N -H e x a n e 73. 5
I s o m e r i z a t i o n ,  % 25. 0
C r a c k in g ,  % 1. 5
H y d ro g e n  B a l a n c e ,  % 9 9 . 9
R a t e  C o n s ta n t  k, c c / g m - s e c 0 . 029
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un  N u m b e r 13A
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r - w 1 .9 5
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 160
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 980,
M e th a n e 0 . 0
E th an e 0 . 0
P r o p a n e 0. 5
I - B u ta n e 0 . 1
N - B u ta n e 0 . 2
I - P e n t a n e 0 . 1
N - P e n t a n e 0 , 0
2, 2 -D M B 3, 6
2, 3 -D M B 3 . 4
2 - M P 11. 5
3 - M P 8 . 1
N - H e x a n e 7 2 .9
I s o m e r i z a t i o n ,  % 26. 6
C r a c k in g ,  % 0. 5
H y d ro g e n  B a l a n c e ,  % 9 9 . 9
R a te  C o n s t a n t  k,  c c / g m - s e c 0 . 031
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN DATA
229
Run N u m b e r 13B
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N -H e x a n e ,  p s i a 43
v / h r - V 0 . 82
w / h r  -w 0. 78
H y d ro g en ,  p s i a 422
M in u te s  on F e e d 240
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en 9 8 0 .
M e th a n e 0 . 0
E th an e  _ 0 . 0
P r o p a n e 1 . 2
I - B u ta n e 0. 4
N -B u ta n e 0. 5
I - P e n t a n e 0 . 6
N - P e n t a n e 0 . 2
2, 2 -D M B 8 . 4
2, 3 -D M B 5. 8
2 - M P 23. 1
3 - M P 15. 3
N -H e x an e 45. 5
I s o m e r i z a t i o n ,  % 52. 6
C r a c k in g ,  % 1 .9
H y d ro g e n  B a la n c e ,  % 1 0 0 . 0
R ate  C o n s ta n t  k, c c / g m - s e c 0 . 031
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un N u m b e r 13C
C a t a l y s t  Type
Size ,  m m
H - M o r d e n i t e
0. 30 -1 .  41
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - v 0 . 82
w / h r  -w 0 . 7 8
H yd ro g en ,  p s i a 422
M in u te s  on F e e d 270
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en 980.
M eth an e 0 . 0
E th a n e 0 . 0
P r o p a n e 1 . 2
I - B u ta n e 0 . 4
N -B u ta n e 0 . 6
I - P e n t a n e 0 . 6
N - P e n t a n e 0 . 1
2, 2 -D M B 8 . 3
2 , 3 - D M B 5 .7
2 - M P 2 3 . 4
3 - M P 1 5 .4
N -H e x an e 45. 3
I s o m e r i z a t i o n ,  % 52. 8
C r a c k in g ,  % 1 .9
H y d ro g e n  B a la n c e ,  % 1 0 0 . 0
R a t e  C o n s t a n t  k, c c / g m - s e c 0 . 031
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un N u m b e r I3D
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N - H e x a n e ,  p s i a  
v / h r - v  
w / h r - w
H - M o r d e n i t e






H yd ro g en ,  p s i a  
M in u te s  on F e e d
422
300
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H yd ro g en
M ethane
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a te  C o n s t a n t  k,  c c / g m - s e c
980 .
0 . 0  
0 . 0  
0. 5 
0 . 1  
0 . 2  
0 . 2  
0 . 1  
3 . 7  
3 . 4  
11. 5 




9 9 . 6
0 . 031
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RUN DATA
R un  N u m b e r 13E
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 390
P r e s s u r e ,  p s i a 465
N -H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r - w 1 .9 5
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 410
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 9 8 0 .
M e thane 0 . 0
E t h a n e 0 . 0
P r o p a n e 0 . 0
I - B u ta n e 0 . 0
N - B u ta n e 0 . 0
I - P e n t a n e 0 . 0
N - P e n t a n e 0 . 0
2, 2 -D M B 0 . 1
2, 3 -D M B 0 . 2
2 - M P 0 . 8
3 - M P 0. 5
N -H e x a n e 9 8 . 4
I s o m e r i z a t i o n ,  % 1 . 6
C r a c k in g ,  % 0 . 0
H y d r o g e n  B a l a n c e ,  % 9 9 . 9
R a t e  C o n s t a n t  k, c c / g m - s e c 0 .0 0 1 3
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T A B L E  A
RUN DATA
R u n  N u m b e r  
C a t a l y s t  Type
13F
H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 410
P r e s s u r e ,  p s i a 465
N - H e x a n e ,  p s i a 43
v / h r - V 2. 04
w / h r - w 1 .9 5
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 460
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g e n 9 8 0 .
M e th a n e 0 . 0
E t h a n e 0 . 0
P r o p a n e 0 . 0
I - B u ta n e 0 . 0
N -B u ta n e 0 . 0
I - P e n t a n e 0 . 0
N - P e n t a n e 0 . 0
2, 2 -D M B 0. 3
2 ,3 - D M B 0 . 4
2 - M P 1 . 2
3 - M P 0 . 8
N -H e x a n e 97. 3
I s o m e r i z a t i o n ,  % 2 .7
C r a c k i n g ,  % 0 . 0
H y d r o g e n  B a la n c e ,  % 9 9 .9
R a t e  C o n s ta n t  k, c c / g m - s e c ' 0 .0 0 2 5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  A
RU N  DATA
R un N u m b e r
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N -H e x an e ,  p s i a  
v / h r - v  
w / h r - w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  f ed
H y d ro g e n
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a t e  C o n s ta n t  k,  c c / g m - s e c
13G
H - M o r d e n i t e









0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0 







6 . 2 
0 . 0 
99.  6
0 . 0 0 5 9
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2 35
T A B L E  A
RU N  DATA
Run N u m b e r
C a t a l y s t  Type
S ize ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
N -H e x a n e ,  p s ia
v / h r - V  
w / h r  -w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
P r o d u c t ,  m o l e s  p e r
100 m o l e s  N - C 6  fed
H y d ro g en
M ethane
E th a n e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
R a t e  C o n s t a n t  k, c c / g m - s e c
13H
H - M o r d e n i t e









0 . 0  
0 . 0 
0 . 5  
0 . 1 
0 . 2  
0 . 1 
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T A B L E  A
RU N  DATA
2 3 6
R u n  N u m b e r 14A
C a t a l y s t  Type H - M o r d e n i t e
S ize ,  m m 0. 3 0 -
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2 , 3 - D M B ,  p s i a 43
v / h r - V 2. 04
w / h r  -w 1. 96
H y d ro g e n ,  p s i a 422
M in u te s  on F e e d 1 0 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n 990.
M e th a n e 0 . 0
E t h a n e 0 . 0
P r o p a n e 1 .9
I - B u ta n e 1 . 8
N -B u ta n e 0 . 1
I - P e n t a n e 1 . 1
N - P e n t a n e 0. 3
2, 2 -D M B 4. 2
2, 3 -D M B 10. 7
2 - M P 47. 1
3 - M P 27. 8
N -H e x a n e 6 . 8
I s o m e r i z a t i o n ,  % 8 5 .9
C r a c k i n g ,  % 3. 4
H y d r o g e n  B a l a n c e ,  % 1 0 0 . 0
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T A B L E  A
RUN DATA
R u n  N u m b e r 14B
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2 , 3 - D M B ,  p s ia 43
v / h r - V 8 . 16
w / h r  -w 7. 84
H yd ro g en ,  p s i a 422
M in u te s  on F e e d 1 2 0
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g en 980.
M ethane 0 . 0
E t h a n e 0 . 0
P r o p a n e 0 . 6
I -B u tane 0 . 2
N -B u ta n e 0 . 0
I - P e n t a n e 0 . 1
N - P e n t a n e 0 . 0
2 , 2 - D M B 0 . 8
2, 3 -D M B 30, 5
2 - M P 48. 2
3 - M P 19. 2
N -H e x an e 0 . 8
I s o m e r i z a t i o n ,  % 69. 0
C r a c k i n g ,  % 0. 5
H y d r o g e n  B a l a n c e ,  % 1 0 0 . 0
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T A B L E  A
RUN DATA
R un  N u m b e r 14C
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 3 -D M B,  p s i a  
v / h r - V  
w / h r  -w
H - M o r d e n i t e






H y d ro g e n ,  p s i a  
M in u te s  on F e e d
422
170
P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g e n
M eth a n e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2, 2 -D M B  
2, 3 -D M B
2 - M P
3 - M P
N -H e x a n e
970.
0 . 0 
0 . 0  










I s o m e r i z a t i o n ,  % 
C r a c k i n g ,  % 
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RUN DATA
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Run  N u m b e r 14D
C a t a l y s t  Type H - M o r d e n i t e
Size ,  m m 0. 30-1
T e m p e r a t u r e ,  ° F 500
P r e s s u r e ,  p s i a 465
2, 3 -D M B,  p s ia 41
v / h r - V 2. 72
w / h r  -w 2 . 61
H yd ro g en ,  p s i a 424
M in u te s  on F e e d 2 1 0
P r o d u c t ,  m o le s  p e r
100 m o l e s  2 , 3 - D M B  fed
H yd ro g en 1030.
M eth an e 0 . 0
E th an e 0 . 0
P r o p a n e 1 . 6
I - B u ta n e 1. 3
N -B u ta n e 0 . 1
I - P e n t a n e 0. 7
N - P e n t a n e 0 . 1
2, 2-DM B 3. 3
2 ,3 - D M B 1 0 .4
2 - M P 5 0 .4
3 - M P 29. 0
N -H ex an e 4. 5
I s o m e r i z a t i o n ,  % 87. 2
C r a c k in g ,  % 2 . 4
H y d ro g e n  B a la n c e ,  % 1 0 0 . 0
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RUN DATA
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R un  N u m b e r 14E
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 3 -D M B, p s i a
v / h r - V  
w / h r  -w
H ydrogen ,  p s i a
M in u te s  on F e e d
H - M o r d e n i t e








P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g en
M eth an e
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -DMB 
2, 3-DM B
2 - M P
3 - M P  
N -H e x an e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
1010 .
0 . 0 
0 . 0 




0 . 1 
1 .9
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T A B L E  A
RUN DATA
R un  N u m b e r 14F
C a t a l y s t  Type
Size ,  m m
T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a
2, 3 -D M B ,  p s i a  
v / h r - v  
w / h r - w
H y d ro g e n ,  p s i a
M in u te s  on F e e d
H - M o r d e n i t e








P r o d u c t ,  m o l e s  p e r
100 m o l e s  2, 3 -D M B  fed
H y d ro g en
M ethane
E th an e
P r o p a n e
I - B u ta n e
N -B u ta n e
1 - P e n ta n e  
N - P e n t a n e  
2 , 2 - D M B  
2, 3 -D M B
2 - M P
3 - M P  
N -H e x a n e
I s o m e r i z a t i o n ,  %
C r a c k in g ,  %
H y d ro g e n  B a l a n c e ,  %
1000.
0. 0 
0 . 0 
1 .9  
1 .7  
0 . 1 





27. 8  
6. 8
86 . 1 
3. 2 
9 9 .9
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A P P E N D IX  B 
A N A L Y T IC A L  SYSTEM
A. I n t r o d u c t io n
A n a ly t i c a l  w o r k  w a s  p e r f o r m e d  w i th  a  F& M  M odel  
810R d u a l - c o l u m n  g a s  c h r o m a t o g r a p h  w i th  a  ten  foo t  c o lu m n  of 
20% qu ino l ine  on 80% r e d  c h r o m o s o r b  (80-100  m e sh ) .  The 
a n a l y s i s  of the p r o d u c t  f r o m  the  e x p e r i m e n t s  w a s  r e l a t i v e l y  
s i m p l e  to ob ta in  w i th  th is  i n s t r u m e n t .  In g e n e r a l ,  the p r o d u c t  
c o n s i s t e d  of a b o u t  90 m o le  % h y d r o g e n  and  ab o u t  1 0  m o le  % 
h e x a n e s .  U su a l ly  the a m o u n t  of h y d r o c r a c k e d  p r o d u c t  w a s  l e s s  
th a n  0. 1 m o le  %. A ty p ic a l  ou tpu t  f r o m  the  gas  c h r o m a t o g r a p h  
i s  shown in F i g u r e  B -1  (page 244).
B. M ethod  of C a lc u la t io n
The ga s  c h r o m a t o g r a p h  c o n s i s t e d  b a s i c a l l y  of a  
p a c k e d  c o lu m n  fo l lowed  by a. t h e r m a l  con d u c t iv i ty  d e t e c t o r .  The 
pack in g ,  due to v a r y i n g  a d s o r p t i v i t y  c o n s t a n t s  f o r  the  d i f f e r e n t  
h y d r o c a r b o n  c o m p o n e n t s ,  had a d i f f e r e n t  r e t e n t i o n  t im e  f o r  e a c h  
h y d r o c a r b o n  c o m p o n e n t  in the  s a m p l e .  A c a r r i e r  gas  (he l ium )  
w a s  k e p t  f lowing th ro u g h  the p a c k e d  c o lu m n  w h ich  had  s t a b i l i z e d  
a t  the  o p e r a t in g  co nd i t ions .  The  gas  s a m p l e  w a s  i n t r o d u c e d  a s  
a  p u l s e  u p s t r e a m  of the  co lu m n ,  and w a s  s w e p t  th r o u g h  the
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
2 4 4
nC
2 - M P
2, 3 DMB
3 - M P
2, 2 -D M B
nC nC
ic /  i c /
F i g u r e  B - 1 ,  Output  f r o m  Gas  C h r o m a t o g r a p h .
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p a c k in g  by the c a r r i e r  gas .  Due to the c l e a n  s e p a r a t i o n s  th a t
w e r e  e f fe c t ed ,  the  ga s  s t r e a m  p a s s i n g  th r o u g h  the  d e t e c t o r  a t
an y  g iven  t im e  n o r m a l l y  c o n s i s t e d  of a  m i x t u r e  of h e l iu m  and  a
s in g le  h y d r o c a r b o n  com p o n en t .
The r e s p o n s e  of the t h e r m a l  co n d u c t iv i ty  d e t e c t o r  w a s
a  l i n e a r  func t ion  of the  i n s t a n t a n e o u s  h y d r o c a r b o n  c o n c e n t r a t i o n .
T h u s ,  the  i n s t a n t a n e o u s  c o n c e n t r a t i o n  of c o m p o n e n t  " j "  w as
.  c .  D.
w h e r e  y = m o le  f r a c t i o n
C  = c o n s t a n t
D = d e t e c t o r  ou tput
j = c o m p o n e n t
To ob ta in  the o v e r a l l  c o n c e n t r a t i o n  of c o m p o n e n t  " j " ,  i t  w as
n e c e s s a r y  to i n t e g r a t e  the  d e t e c t o r  outpu t  w i th  r e s p e c t  to t im e .
A b a l l - a n d - d i s c  i n t e g r a t o r ,  bu i l t  in to  the  ga s  c h r o m a t o g r a p h
s y s t e m  w a s  u s e d  to p e r f o r m  th is  i n t e g r a t i o n  a u t o m a t i c a l l y  a s
the  a n a l y s i s  w a s  be in g  m a d e .  T h u s ,  c o r r e s p o n d i n g  to e a c h
r e c o r d e d  "p eak ,  " a  " p e a k  a r e a "  w a s  r e c o r d e d  w h ic h  w as
r e l a t e d  to the h y d r o g e n - f r e e  c o n c e n t r a t i o n  of the  c o r r e s p o n d i n g
c o m p o n e n t  in  the  s a m p l e  by the fo l lowing  equa t ion :
n
Y. = C. A. /  E C, A 
J J ] k = l  k  k
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2 4 6
w h e r e  Y = h y d r o g e n - f r e e  m o le  f r a c t i o n
C = e x p e r i m e n t a l l y -de  t e r  m in e d  c a l i b r a t i o n  c o n s t a n t  
A = " p e a k  a r e a "
n = to t a l  n u m b e r  of c o m p o n e n t s  in  h y d r o g e n - f r e e  
s a m p l e
In o r d e r  to ex ten d  the  r a n g e  of the g a s  c h r o m a t o g r a p h ,  a n  e l e c ­
t r o n i c  " a t t e n u a t o r "  w a s  u s e d  to r e d u c e  the  r e s p o n s e  of l a r g e  
p e a k s  by s e l e c t e d  f a c t o r s .  The  f in a l  e q u a t io n  w a s  t h e r e f o r e
Y. = F .  C. A. /  L F,  C, A,
J J J J k . i  k  k  k
w h e r e  F  = " a t t e n u a t i o n "  f a c t o r .
C. D e t e r m i n a t i o n  of C a l i b r a t i o n  C o n s t a n t s
D u r in g  the  c a l i b r a t i o n  p r o g r a m ,  a  one cub ic  c e n t i ­
m e t e r  s a m p l e  loop  w a s  u s e d  to i n j e c t  p r e c i s e  v o l u m e s  of e a c h  
ga s  s e p a r a t e l y  in to  the  s y s t e m .  The  c o r r e s p o n d i n g  p e a k  a r e a  
w a s  r e c o r d e d  f o r  e a c h  gas .  T h i s  i n t e g r a t e d  r e s p o n s e  ( i n c l u d ­
ing the a t t e n u a t io n  f a c t o r )  w a s  e s s e n t i a l l y  a  c a l i b r a t i o n  c o n s t a n t  
s in c e  i t  r e p r e s e n t e d  the  a r e a / c c  of s a m p l e .  The  r e c i p r o c a l  of 
t h i s  n u m b e r ,  a  m o r e  c o n v e n ie n t  c a l i b r a t i o n  c o n s ta n t ,  c o r r e s ­
p onded  to the  g r a m - m o l e s  of the g iv en  c o m p o n e n t  p e r  un i t  
i n t e g r a t o r  r e a d in g .  The c a l i b r a t i o n  c o n s t a n t s  in  T a b le  B -1  
(page  247) w e r e  d e t e r m i n e d  a s  i n d i c a t e d  above ,  and  a r e  q u a n t i ­
t a t i v e ly
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T a b le  B - 1 . C a l i b r a t i o n  C o n s t a n t s  f o r  C as  C h r o m a t o g r a p h .
C o m p o n e n t C
M eth a n e 3. 77
E th a n e 2. 50
P r o p a n e 2 . 0 1
i - B u t a n e I. 71
n - B u t a n e 1. 69
i - P e n t a n e 1. 580
n - P e n t a n e 1. 495
2, 2 -D M B 1. 332
2, 3 -D M B 1. 337
2 - M P 1 . 268
3 - M P 1 . 2 9 8
n - H e x a n e 1. 278
i - H e p t a n e s 1 . 2  ( e s t .  )
n - H e p t a n e 1. 147
C y c lo h ex an e 1 .47
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C. = 1000 /  A. F .
J J J
The  f a c t o r  of 1000 w a s  u s e d  s i m p l y  f o r  c o n v e n ie n c e .  It d id  not 
a f f e c t  the  f ina l  r e s u l t s  s in ce  i t  c a n c e l l e d  out in  the  c a l c u l a t i o n  
of the  h y d r o g e n - f r e e  c o n c e n t r a t i o n .
The c a l i b r a t i o n  c o n s t a n t  fo r  the  l iq u id s  { C ^ - C ^ )  w e r e  
d e t e r m i n e d  in  the s a m e  m a n n e r  by u s in g  a  p r e c i s e  v o lu m e  
liqu id  s a m p l in g  va lve .
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A P P E N D I X  C 
S A M P L E  C A LC U LA TION S
A. T y p ic a l  P r o c e s s  Data
Run n u m b e r  = lOAl 
C a t a l y s t  type  = H - m o r d e n i t e  
C a t a l y s t  vo lu m e  = 15. 0 cc 
C a t a l y s t  w e ig h t  = 9 .8 1  g m  
C a t a l y s t  s i z e  = 0. 30 to 1. 41 m m  
T e m p e r a t u r e  = 5 0 0 ° F  
P r e s s u r e  = 465 p s i a
T im e  a t  s t a r t  of m a t e r i a l  b a l a n c e  = 130 m i n  
L e n g th  of m a t e r i a l  b a l a n c e  = 6 . 00 m in
3
V olum e  of h y d r o g e n  in  = 0. 210 f t
T e m p e r a t u r e  of h y d r o g e n  in  = 8 0 ° F
V olum e of n C ,  in  = 3. 07 cc 
6
3
V olum e  of ga s  out = 0. 230 ft  
T e m p e r a t u r e  of gas  out = 8 0 ° F
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B. T y p i c a l  A n a ly t i c a l  Data
C o m p o n en t  P e a k  A r e a  A t t e n u a t io n  F a c t o r
Cx 0 . 0 0 1 . 0 0
Cg 0 . 0 0 1 . 0 0
C 3 0 . 19 1 . 0 0
iC4 0 . 06 1 . 0 0
nC^ 0 . 08 1 . 0 0
iCs 0 . 0 0 1 . 0 0
nCg 0 . 0 0  , 1 . 0 0
2, 2-DMB 2 . 2 0 1 . 0 0
2, 3-DM B 1 . 98 1 . 0 0
2 - M P 7. 40 1 . 0 0
3 - M P 4. 93 1 . 0 0
nCg 10.41 4. 00
C e * 0 . 0 0 1 . 0 0
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C. M a t e r i a l  B a l a n c e  C a l c u l a t i o n s
B a s i s :  6  m in u te  m a t e r i a l  b a l a n c e
W eigh t  of nCg fed  = (3. 06cc)(0 .  6 5 9 g m / c c )  = 2. 02gm
G r a m  m o l e s  of nCg fed  = 2. 0 2 /8 6 .  2 = 0. 0233
G r a m  a t o m s  of c a r b o n  in  nCg fed  = 6(0. 0233) = 0. 140
G r a m  a t o m s  of Hg in  nCg fed  = 14(0. 0233) = 0. 326
L iqu id  h o u r l y  s p a c e  v e lo c i ty  =
(3. 0 6 c c / 6 m i n ) ( 6 0 m i n / h r ) / ( 1 5 .  Occ) = 2 . 0 4  c c / h r - c c  
W eigh t  h o u r l y  s p a c e  v e lo c i t y  =
( 2 . 0 2 g m / 6 m i n ) ( 6 0 m i n / h r ) / ( 9 .  81gm) = 2 . 06 g m / h r - g m  
V o lu m e  of Hg gas  in a t  s t a n d a r d  co n d i t io n s  =
3 3
(0. 210ft  ) (492/540)(29 .  9 2 -1 .  03 ) / (29 .  92) = 0. 184 f t  
G r a m  m o l e s  of Hg g a s  in  =
3 3
(0. 184ft  )( 1. 26gm  m o l e s / f t  ) = 0. 232 g m  m o l e s  
P a r t i a l  p r e s s u r e  of nCg =
(465ps ia )(0 .  0 233) / (0 .  0233+0. 232) = 43 p s i a  
V o lum e  of g a s  out a t  s t a n d a r d  co n d i t io n s  =
3 3
( 0 . 230f t  ) (492 /540)(29 .  9 2 -1 .  0 3 ) / (29 .  9 2 ) = 0 . 2 0 2  f t  
A s s u m e d  g m  a t o m s  of c a r b o n  in  g a s  out = 0. 140 
P r e d i c t e d  g m  a t o m s  of h y d r o g e n  in  g a s  ou t  =
0. 326+2(0.  232) = 0. 790
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M o l a r  w e ig h t in g  f a c t o r s  f o r  h y d r o c a r b o n s  in g a s  ou t
Cl (0. 00) 1. 00) 3. 77) = 0. 00
Cs (0. 00) 1. 00) 2. 50) = 0. 00
C3 (0. 19) 1. 00) 2. 01) = 0. 38
iC4 (0. 06) 1. 00) 1. 71) = 0, 10
nC^ (0. 08) 1. 00) 1. 69) = 0. 14
iC5 (0. 00) 1. 00) 1. 580) = 0. 00
nCg (0. 00) 1. 00) 1. 495) = 0. 00
2, 2 -D M B (2. 20) 1. 00) 1. 332) = 2 .9 3
2, 3 -D M B (1 .9 8 ) 1. 00) 1. 337) = 2. 65
2 - M P (7 .4 0 ) 1. 00) 1. 268) - 9 . 3 9
3 - M P (4 .9 3 ) 1. 00) 1. 298) = 6 .4 0
nCg (1 0 .4 1 ) 4. 00) 1. 278) = 53. 24
Cs" (0. 00) 1. 00) 1. 2) = 0. 00
75. 23
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H g - f r e e  m o le  f r a c t i o n s  of h y d r o c a r b o n s  in  g a s  out
C3 0. 3 8 /7 5 .  23 = 0. 0051
iC4 0. 10/75 .  23 = 0 .0 0 1 3
nC^ 0. 14 /75 .  23 = 0 . 0 0 1 9
2, 2 -D M B 2. 9 3 /7 5 .  23 = 0. 0389
2, 3 -D M B 2. 6 5 /7 5 .  23 = 0. 0352
2 - M P 9. 3 9 / 7 5 . 23 = 0. 1248
3 - M P 6. 4 0 /7 5 .  23 = 0. 0851
nCg 53. 2 4 /7 5 .  23 = 0 .7 0 7 7
I.  0000
G r a m  a t o m s  of c a r b o n  p e r  g r a m  m o le  of h y d r o c a r b o n  
g a s  out
C3 (3)(0. 0051) = 0 .0 1 5 3
iC4 (4)(0. 0013) = 0 .0 0 5 2
nC^ (4)(0. 0019) = 0. 0076
2, 2 -D M B (6)(0. 0389) = 0. 2334
2, 3 -D M B (6)(0. 0352) = 0 .2 1 1 2
2 - M P (6)(0. 1248) = 0. 7488
3 - M P (6)(0. 0851) = 0 .5 1 0 6
nCg (6)(0. 7077) = 4. 2462
5. 9783
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G r a m  m o l e s  of h y d r o c a r b o n  c o m p o n e n t s  in  g a s  out 
C3  (0. 0051)(0.  1 4 0 ) / 5 . 978 = 0 .0 0 0 1 2
iC^ (0. 0013)(0. 1 4 0 ) / 5 . 978 = 0 .0 0 0 0 3
nC 4  (0. 0019)(0.  1 4 0 ) / 5 . 978 = 0 .0 0 0 0 4
2, 2 -D M B  (0. 0389)(0.  140) /5 .  978 = 0 .00091
2, 3 -D M B  (0. 0352)(0. 140) /5 .  978 = 0 .0 0 0 8 2
2 - M P  (0. 1248)(0.  140) /5 .  978 = 0 .0 0 2 9 2
3 - M P  (0. 0851)(0. 1 4 0 ) / 5 . 978 = 0 .0 0 1 9 9
nCg (0. 7077)(0.  140) /5 .  978 = 0. 01657
0. 02340
G r a m  m o l e s  of h y d r o c a r b o n  c o m p o n e n t s  in  g a s  ou t  p e r  
1 0 0  m o l e s  of nCg fed
C3 0. 0 0 0 1 2 /0 .  000233 = 0. 5
iC 4 0. 0 0 0 0 3 /0 .  000233 = 0 . 1
nC^ 0 . 0 0 0 0 4 / 0 .  000233 = 0 . 2
2, 2 -D M B 0 . 0 0 0 9 1 / 0 . 000233 = 3 .9
2, 3 -D M B 0 . 0 0 0 8 2 / 0 .  000233 = 3. 5
2 - M P 0. 0 0 2 9 2 / 0 . 000233 = 12. 5
3 - M P 0. 0 0 1 9 9 /0 .  000233 = 8 . 5
nCg 0. 0 1 6 5 7 /0 .  000233 = 71. 1
1 0 0 . 0
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G r a m  a t o m s  of Hg in  h y d r o c a r b o n  gas  out
C3 8 )(0 . 0 0 0 1 2 ) = 0 . 00096
. iC4 10)(0. 00003) = 0 .0 0 0 3 0
nC^ 10)(0. 00004) = 0 .0 0 0 4 0
2, 2 -D M B 14)(0. 00091) = 0. 01274
2, 3 -D M B 14)(0. 00082) = 0. 01148
2 - M P 14)(0. 00292) = 0. 04088
3 - M P 14)(0. 00199) = 0 . 0 2 9 8 6
nCg 14)(0. 01657) = 0 .2 3 1 9 8
0. 32860
G r a m  m o l e s  of g a s  ou t  =
3  3
(0. 202ft  )(1. 26gm  m o l e s / f t  ) = 0. 2545 
A c tu a l  g r a m  a t o m s  of Hg in  g a s  ou t  =
2(0. 2545-0 .  0234) + 0. 3286 = 0. 791 
H y d ro g e n  b a l a n c e  = (100)(0.  79 1 ) /0 .  790 = 100. 1 % 
I s o m e r i z a t i o n  = 3 . 9 4 3 . 5 +  12. 5 + 8 . 5 = 28. 4 % 
C r a c k i n g  = 100. 0 - 28. 4 - 7 1 . 1  = 0. 5 %
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R e a c t io n  r a t e  c o n s t a n t  = k  =
- [(gm m o l e s  of Hg / g m  m o l e s  of h y d r o c a r b o n )  + 1  ] x 
(m ol  f r a c t i o n  of iCg in  to t a l  Cg a t  e q u i l i b r iu m )  x  
(we igh t  h o u r ly  s p a c e  v e l o c i t y ) ( h r / 3600s ec )  x  
[ In  (1 - m o l  f r a c t i o n  of iCg in  to ta l  Cg /  m o l  f r a c t i o n  of 
iCg i n  to t a l  Cg a t  e q u i l i b r i u m ) ]  /
(mol .  wt.  of Cg ) (gm m o l e s  of g a s / c c )  =
- [ (0 .  2 3 2 /0 .  0233) + 1 ] x  (0. 837)(2. 0 6 ) ( l / 3 6 0 0 )  x  
[ In  (1 -0 .  2 8 5 /0 .  837) J /  ( 8 6 . 2)( 1 /2 2 ,  4 1 0 ) ( 4 6 5 / 14. 7) 
(492 /960 )  =
0. 035 c c / g m - s e c
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A P P E N D I X  D 
N O M E N C L A T U R E
A  - C r o s s - s e c t i o n a l  a r e a  of e m p ty  r e a c t o r
C. - C o n c e n t r a t i o n  of i s o h e x a n e s
1
C - C o n c e n t r a t i o n  of n - h e x a n e sn
- D i a m e t e r  of c a t a l y s t  p a r t i c l e
k  - F i r s t  o r d e r  r a t e  c o n s t a n t  f o r  n - C ,  -* i - C .o o
k ,  - F i r s t  o r d e r  r a t e  c o n s t a n t  fo r  n - C . -* M
1  . o
k_ - F i r s t  o r d e r  r a t e  c o n s t a n t  fo r  M n - C ,
2  6
kg - F i r s t  o r d e r  r a t e  c o n s t a n t  fo r  M -*2, 2 -D M B
k ^  - i  ; v s t  o r d e r  r a t e  c o n s t a n t  f o r  2, 2 -D M B “* M
k_ - F i r s t  o r d e r  r a t e  c o n s t a n t  fo r  n - C ,  -* 2, 2-DM BD o
k ,  - F i r s t  o r d e r  r a t e  c o n s t a n t  f o r  2, 2 -D M B  n - C ,o 6
k ^  -  H y p o th e t i c a l  f i r s t  o r d e r  r a t e  c o n s t a n t  f o r  n - C ^
i - C ^  a t  z e r o  p r e s s u r e  
k'  - F i r s t  o r d e r  r a t e  c o n s t a n t  f o r  i - C ,  -* n - C ,D O
K - T h e r m o d y n a m i c  e q u i l i b r i u m  c o n s t a n t  = k / k '
Kpj - D y n a m ic  a d s o r p t i o n  c o e f f i c i e n t  f o r  h y d r o g e n
Kj, - D y n a m ic  a d s o r p t i o n  c o e f f i c i e n t  f o r  i s o h e x a n e s
- D y n a m ic  a d s o r p t i o n  c o e f f i c i e n t  f o r  n - h e x a n e
L  - P o r e  l e n g th
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M - R e p r e s e n t s  the  g r o u p  of t h r e e  h e x a n e s :
3 - M P  + 2 - M P  + 2, 3 -D M B
M - M o l e c u l a r  w e ig h t  of hexane
N - T o ta l  m o l a r  f low r a t e  of g a s e s
N. - M o l a r  f low r a t e  of i s o h e x a n e s
1
P  / - P a r t i a l  p r e s s u r e  of to t a l  h e x a n e sc6 ^
P ^  - P a r t i a l  p r e s s u r e  of h y d r o g e n
P .  - P a r t i a l  p r e s s u r e  of i s o h e x a n e s
P  - P a r t i a l  p r e s s u r e  of n - h e x a n en ^
P  - P e c l e t  n u m b e r
P  - T o ta l  p r e s s u r e
P  - O p t im u m  p r e s s u r e
r  - R e a c t i o n  r a t e  ( a v e r a g e d  o v e r  a l l  a c t i v e  s i t e s )
R  - Gas  c o n s t a n t
R e ^  - P a r t i c l e  R ey n o ld s  n u m b e r
t  - T im e
T - T e m p e r a t u r e
V - T o t a l  v o l u m e t r i c  f low r a t e  of g a s e s  a t  r e a c t o r
co n d i t io n s
W - H exane  feed  r a t e  p e r  u n i t  w e ig h t  of c a t a l y s t ,  g m /
h r  - gm.
- W eigh t  of c a t a l y s t  in  r e a c t o r
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y - Mole f r a c t i o n
y. - Mole  f r a c t i o n  of i s o h e x a n e s
^  1
y - Mole  f r a c t i o n  of n - h e x a n e
• ' n
Y - H y d r o g e n - f r e e  m o le  f r a c t i o n
- H y d r o g e n - f r e e  m o le  f r a c t i o n  of i s o h e x a n e s  •—.
Yj^  - H y d r o g e n - f r e e  m o le  f r a c t i o n  of M
Y^ - H y d r o g e n - f r e e  m o le  f r a c t i o n  of n - h e x a n e
^ 2 2 D M B  '  H y d r o g e n - f r e e  m o le  f r a c t i o n  of 2 , 2 - D M B
Y. - H y d r o g e n - f r e e  m o le  f r a c t i o n  of i s o h e x a n e s  a t
1
*
e q u i l i b r i u m
Yj^  - H y d r o g e n - f r e e  m o le  f r a c t i o n  of M a t  e q u i l i b r i u m
»
Y^ - H y d r o g e n - f r e e  m o le  f r a c t i o n  of n - h e x a n e  a t
e q u i l i b r i u m
*
^ 2 2 D M B  " H y d r o g e n - f r e e  m o le  f r a c t i o n  of 2, 2 -D M B  a t
e q u i l i b r i u m  
C - Void f r a c t i o n
j X - V i s c o s i t y
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